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I .  FOREWORD 

We  are  gratified  by  the  enthusiastic  response  of  our  contributors  to 
Volume  3  of  the  Soybean  Genetics  Newsletter.  Our  printing  order  for  this 
volume  is  600;  the  mailing  list  covers  48  countries  and  34  states. 

The  variety,  scope  and  excellence  of  the  articles  in  this  volume  indi¬ 
cate  a  growing  acceptance  of  the  Newsletter  as  a  medium  for  the  exchange  of 
ideas  and  information  among  soybean  scientists  around  the  world.  Sugges¬ 
tions  for  improvement  of  the  SGN  are  requested  and  appreciated. 

The  details  of  producing  the  SGN  involve  our  whole  staff--technicians , 
secretaries  and  graduate  students.  Those  "volunteered"  for  duty  this  year 
include  Hollys  E.  Heer,  Carol  Winger,  Linda  Martin,  Marc  Albertsen  and  David 
Stel ly. 


ACKNOWLEDGEMENT 

We  wish  to  express  our  appreciation  to  the  Iowa-Missouri  area  director 
of  the  USDA-ARS  for  the  financial  support  which  made  this  issue  of  the  Soy¬ 
bean  Genetics  Newsletter  possible. 


Reid  G.  Palmer 
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II.  ANNOUNCEMENTS 

1 .  Compendium  of  Soybean  Diseases 

Edited  by  J.  B.  Sinclair  and  M.  C.  Shurtleff,  University  of  Illinois, 
Urbana-Champaign,  Illinois.  Price  US  $6.00  per  copy  and  can  be  ordered  from 
the  American  Phytopathological  Society,  3340  Pilot  Knob  Road,  St.  Paul,  MN 
55121,  USA. 

2.  An  Annotated  Bibliography  of  Soybean  Diseases 

By  J.  B.  Sinclair  and  0.  D.  Dhingra,  University  of  Illinois,  Urbana- 
Champaign,  Illinois.  The  Bibliography  lists  over  2000  citations  dating  from 
1882.  Authors'  original  abstracts  have  been  used  whenever  possible.  The 
size  and  cost  of  this  publication  require  that  US  $12.00  per  copy  be  charged. 
The  Bibliography  can  be  ordered  from  INTS0Y,  113  Mumford  Hall,  University  of 
Illinois,  Urbana,  IL  61801,  USA. 
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III.  REPORT  OF  SOYBEAN  GENETICS  COMMITTEE 


A)  The  current  members  of  this  committee  and  the  expiration  dates  of  their 

terms  are: 

R.  L.  Bernards  Chm.  (1978) 

USRSL 

Davenport  Hal  1 
Urbana,  IL  61801 

R.  I.  Buzzell  (1979) 

Agr.  Canada,  Res.  Station 
Harrow,  Ontario,  NOR  1G0, 

Canada 

R.  L.  Cooper  (1977) 

USRSL 

Davenport  Hall 
Urbana,  IL  61801 

H.  H.  Hadley  (1979) 

Dept,  of  Agronomy 
University  of  Illinois 
Urbana,  IL  61801 


B)  Organization  of  the  Committee: 

1)  The  Committee  will  be  composed  of  six  elected  members  and  the  editor 
of  the  Soybean  Genetics  Newsletter. 

2)  The  term  of  the  elected  members  will  be  three  years.  After  a  member 
has  been  off  for  one  year,  he  (she)  can  be  reelected.  The  Committee 
will  elect  two  new  members  each  year;  a  simple  majority  is  needed  for 
election.  The  members  will  be  elected  prior  to  February  1  of  each 
year,  by  a  mail  ballot  conducted  by  the  chairman. 

3)  At  the  annual  meeting  of  the  Committee  (usually  in  February  in  conjunc 
tion  with  the  Soybean  Breeding  and  Genetics  Workshop),  the  two  new  mem 
bers  and  the  two  retiring  members  of  the  Committee  are  eligible  to 
attend  and  vote. 

4)  The  Chairman  will  be  elected  at  the  annual  Committee  meeting  and  serve 
through  the  next  annual  meeting,  and  may  be  reelected. 


E.  E.  Hartwig,  USDA  (1978) 
Delta  Branch  Exp.  Station 
Soybean  Prod.  Res. 
Stoneville,  MS  38776 

K.  Hinson,  USDA  (1977) 

304  Newell  Hall 
University  of  Florida 
Gainesville,  FL  32611 

R.  G.  Palmer,  USDA 
(Editor  of  Soybean  Genetics 
Newsletter) 

Agronomy  Department 
Iowa  State  University 
Ames,  IA  50011 
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C)  The  duties  of  this  Committee  were  reviewed  and  revised  at  Memphis,  TN, 
February  23,  1976,  and  the  following  procedures  were  established: 

1)  Maintain  Genetic  Collection. 

The  Genetic  Collection  is  divided  into  four  categories: 

a)  Type  Collection  includes  all  published  genes  of  soybeans,  prefer¬ 
ably  in  the  original  strains  (excluding  U.S.  and  Canadian  name 
varieties,  which  are  maintained  in  a  separate  collection)  plus 
certain  mutants  or  strains  that  appear  to  the  Committee  to  have 
potential  genetic  interest. 

b)  Isoline  Collection  includes  adapted  varieties  Clark,  Harosoy  and 
Lee,  into  which  have  been  backcrossed  single  genes  or  combinations 
of  genes.  Also  included  are  certain  genes  or  combinations  with 
Chippewa,  Wayne  and  Williams. 

c)  Linkage  Collection  includes  linkage  combinations  and  the  various 
genetic  recombinations. 

d)  Cytological  Collection  includes  translocations,  inversions,  defi¬ 
ciencies,  trisomics,  tetraploids,  etc. 

Collections  a,  b  and  c  are  maintained  at  Urbana,  Illinois,  with  R.  L. 

Bernard  as  curator.  Collection  d  is  maintained  at  Ames,  Iowa,  with 

R.  G.  Palmer  as  curator. 

D)  Manuscript  review  and  genetic  symbol  approval. 

The  Soybean  Genetics  Committee  requests  that  researchers  submit  all  manu¬ 
scripts  involving  genetic  symbols  to  the  Committee  Chairman.  This  review 
by  the  Genetics  Committee  will  serve  to  avoid  conflict  of  symbols  and 
will  help  to  insure  orderly  identification  and  use  of  genetic  nomencla¬ 
ture.  This  will  also  allow  assignment  of  type  collection  designations 
(T-numbers)  prior  to  publication,  so  that  these  T-numbers  may  be  used  in 
the  journal  article  to  identify  parental  lines. 

E)  Soybean  Genetics  Newsletter  notes. 

All  notes  for  the  Newsletter  should  be  sent  to  R.  G.  Palmer,  who  will  ask 
the  Soybean  Genetics  Committee  to  review  those  articles  that  concern 
genetic  symbols.  These  symbols,  reported  in  the  Newsletter,  will  have 
the  same  status  as  those  published  in  scientific  journals. 
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Rules  for  Genetic  Symbols 

[At  the  Memphis,  Tennessee  meeting,  the  Committee  changed  the  symbol  for 
trisomics  from  Tris  to  Tri . ] 

I)  Gene  Symbols 

a)  A  gene  symbol  shall  consist  of  a  base  of  one  to  three  letters,  to  which 
may  be  appended  subscripts  and/or  superscripts  as  described  below. 

b)  Genes  that  are  allelic  shall  be  symbolized  with  the  same  base  letter(s) 
so  that  each  gene  locus  will  be  designated  by  a  characteristic  symbol 
base. 

c)  The  first  pair  of  genes  reported  for  a  gene  locus  shall  be  differen¬ 
tiated  by  capitalizing  the  first  letter  of  the  symbol  for  the  dominant 
or  partially  dominant  allele.  (Example:  Ab_,  ab_.  Ab  is  allelic  and 
dominant  to  ab_. )  If  genes  are  equivalent,  codominant,  or  if  dominance 
is  not  consistent,  the  capitalized  symbol  may  be  assigned  at  the 
author's  discretion. 

d)  When  more  than  two  alleles  exist  for  a  locus,  the  additional  alleles 
or  those  symbolized  subsequently  to  the  pair  first  published  shall  be 
differentiated  by  adding  one  or  two  uncapitalized  letters  or  a  number 
as  a  superscript  to  the  base.  (Example:  R_,  r^  r_. )  This  shall  be  the 
only  use  of  superscripts.  The  base  for  the  additional  alleles  is  cap¬ 
italized  only  when  the  gene  is  dominant  or  equivalent  to  the  allele 
originally  designated  with  a  capitalized  symbol.  The  superscript  may 
be  an  abbreviation  of  a  descriptive  term.  When  all  el  ism  is  discovered 
for  a  gene  previously  assigned  a  symbol,  the  previous  symbol  may  be 
used  as  the  superscript. 

e)  Gene  pairs  with  the  same  or  similar  effects  (including  duplicate, 
complementary ,  or  polymeric  genes)  should  be  designated  with  the  same 
letter  base  differentiated  by  numerical  subscripts,  assigning  1,  2,  3, 
4,  etc.,  consecutively  in  the  order  of  publication.  (Example:  The  y 
series  for  chlorophyll  deficiency.)  This  shall  be  the  only  use  of  sub¬ 
scripts.  Letter  subscripts  should  not  be  used.  The  subscript  1  is 
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automatically  a  part  of  the  first  reported  gene  symbol  for  each  base 
but  may  be  omitted  until  the  second  symbol  is  assigned. 

f)  Base  letters  may  be  chosen  so  as  to  indicate  apparent  relationships 
among  traits  by  using  common  initial  letters  for  all  loci  in  a  related 
group  of  traits.  Examples  are  P_  for  pubescence  type,  R_  for  disease 
reaction  (plus  two  initials  of  the  pathogen  to  complete  the  base),  and 

for  leaf  shape. 

g)  The  distinction  between  traits  that  are  to  be  symbolized  with  identi¬ 
cal,  similar,  or  with  unrelated  base  letters  is  necessarily  not  clear 
cut.  The  decision  for  intermediate  cases  is  at  the  discretion  of  the 
author  but  should  be  in  accordance  with  previous  practices  for  the 
particular  type  of  trait.  The  following  sections  concern  supplementary 
symbols  that  may  be  used  whenever  desired  as  aids  to  presentation  of 
genetic  formulas. 

h)  A  dash  may  be  used  in  place  of  a  gene  symbol  to  represent  any  allele 
at  the  indicated  locus.  The  locus  represented  should  be  apparent  from 
its  position  in  the  formula.  (Example:  A_represents  both  AA  and  _Aa_. ) 

i)  A  question  mark  may  be  used  in  place  of  a  symbol  when  the  gene  is 

unknown  or  doubtful,  or  it  may  be  used  as  a  superscript  to  the  base 

? 

symbol  for  the  same  purpose.  (Example:  a_'  indicates  that  the  latter 
is  an  unknown  allele  at  the  A  locus.) 

j)  Plus  symbols  may  be  used  in  place  of  the  assigned  gene  symbols  of  a 
designated  standard  homozygous  strain  when  this  will  facilitate  pre¬ 
senting  genetic  formulas.  The  standard  strain  may  be  any  strain 
selected  by  the  worker,  as  long  as  the  strain  being  used  and  its  genetic 
formula  are  made  explicit. 

II)  Linkage  and  Chromosome  Symbols 

a)  Linkage  groups  and  the  corresponding  chromosomes  shall  be  designated 
with  Arabic  numerals.  Linkage  shall  be  indicated  in  a  genetic  formula 
by  preceding  the  linked  genes  with  the  linkage  group  number  and  listing 
the  gene  symbols  in  the  order  that  they  occur  on  the  chromosome. 
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b)  Permanent  symbols  for  chromosomal  aberrations  shall  include  a  symbol 
denoting  the  type  of  aberration  plus  the  chromosome  number(s)  involved. 
Specific  aberrations  involving  the  same  chromosome(s )  shall  be  differ¬ 
entiated  by  a  letter  as  follows:  The  symbol  Tran  shall  denote  translo¬ 
cations.  Tran  1 - 2a  would  represent  the  first  case  of  reciprocal  trans¬ 
locations  between  chromosomes  1  and  2,  Tran  1  - 2b  the  second,  etc.  The 
symbol  Def  shall  denote  deficiencies,  Inv  inversions,  and  Tri  primary 
trisomics.  The  first  published  deficiency  in  chromosome  1  shall  be 
symbolized  as  Def  la,  the  second  as  Def  lb,  etc.  The  first  published 
inversion  in  chromosome  1  shall  be  denoted  as  Inv  la,  etc.  The  first 
published  primary  trisomic  shall  be  designated  with  the  Arabic  numeral 
that  corresponds  to  its  respective  linkage  group  number. 

c)  Temporary  symbols  for  chromosomal  aberrations  are  necessary,  as  it  may 
be  many  years  before  they  are  located  on  their  respective  chromosomes. 
Tran  1  would  represent  the  first  case  of  a  published  reciprocal  trans¬ 
location;  Tran  2,  the  second  case,  etc.  The  first  published  deficiency 
shall  be  symbolized  as  Def  A,  the  second  as  Def  B,  etc.  The  first 
published  inversion  shall  be  symbolized  as  Inv  A,  the  second  as  Inv  B, 
etc.  The  first  published  primary  trisomic  shall  be  designated  as 

Tri  A,  the  second  as  Tri  B,  etc.  When  appropriate  genetic  and/or 
cytological  evidence  is  available,  the  temporary  symbols  should  be 
replaced  with  permanent  symbols,  with  the  approval  of  the  Soybean 
Genetics  Committee. 

III)  Cytoplasmic  Factor  Symbols 

a)  Cytoplasmic  factors  shall  be  designated  with  one  or  more  letters  pre¬ 
fixed  by  cyt-.  (Example:  cyt-G  indicates  the  cytoplasmic  factor  for 
maternal  green  cotyledons,  cyt-Y  indicates  that  for  maternal  yellow 
cotyledons. ) 

IV)  Priority  and  Validity  of  Symbols 

a)  A  symbol  shall  be  considered  valid  only  when  published  in  a  recognized 
scientific  journal,  or  when  reported  in  the  Soybean  Genetics  Newsletter, 
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with  conclusions  adequately  supported  by  data  which  establish  the 
existence  of  the  entity  being  symbolized.  Publication  should  include 
an  adequate  description  of  the  phenotype  in  biological  terminology, 
including  quantitative  measurements  wherever  pertinent. 

b)  In  cases  where  different  symbols  have  been  assigned  to  the  same  fac¬ 
tor,  the  symbol  first  published  should  be  the  accepted  symbol,  unless 
the  original  interpretation  is  shown  to  be  incorrect,  the  symbol  is  not 
in  accordance  with  these  rules,  or  additional  evidence  shows  that  a 
change  is  necessary. 

V)  Rule  Changes 

a)  These  rules  may  be  revised  or  amended  by  a  majority  vote  of  the  Soybean 
Genetics  Committee. 
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IV.  RESEARCH  NOTES  FROM  CONTRIBUTORS 

UNIVERSITY  OF  ARKANSAS 
Department  of  Agronomy 
Fayetteville,  Arkansas 

1 )  New  pigments  in  soybean  seedcoats. 

Pigments  were  extracted  from  self-colored  soybean  seedcoats  and  sub¬ 
jected  to  standard  procedures  of  paper  chromatography.  This  research  was  a 
part  of  a  Master's  Thesis  problem  conducted  by  Barksdale  Taylor  on  genetic 
and  chemical  evaluation  of  hilum  variants  in  mature  soybean  seed.  Brown, 
reddish  brown  and  buff  seedcoats  did  not  contain  anthocyanin  pigments.  It 
has  been  suggested  that  the  pigment  in  brown  seedcoats  is  either  a  phloba- 
phene  (Nagai,  1921)  or  a  leucoanthocyanin  polymer  (Koshimizu  and  Iizuka, 

1963).  Kuroda  and  Wada  (1935)  reported  that  the  anthocyanin,  cyanidin 
3-monogl ucoside,  is  the  pigment  in  black  seedcoats.  Our  research  with  11 
self-black  cultivars  confirmed  that  Cy  3-mgl  was  the  major  pigment  but  other 
bands  of  pigment  also  were  present  on  the  chromatograms .  When  L67-3469,  a 
self-black  'Clark'  isoline  was  used,  a  small  band  of  orange  pigment  preceded 
the  red  band  of  Cy  3-mgl  and  two  bluish-purple  bands  followed  the  red  band. 

An  orange  pigment  was  extracted  from  T236,  which  has  a  reddish  buff 
seedcoat.  Chromatography  revealed  that  only  one  pigment  was  present.  Par¬ 
tial  hydrolysis  of  the  pigment  yielded  only  the  anthocyanin  and  the  aglycone, 
showing  that  the  pigment  is  a  monoglycoside.  The  soybean  anthocyanin,  agly¬ 
cone  and  sugar  were  co-chromatographed  with  known  compounds.  The  soybean 
anthocyanin  and  known  pelargonidin  3-monogl ucoside  had  Rf  values  of  .40  with 
BAW,  .33  with  BuHCl ,  .13  with  1%  HC1  and  .38  with  HAc-HCl .  The  aglycone  and 
known  pelargonidin  had  Rf  values  of  .84  with  BAW,  .40  with  Formic  and  .76 
with  Forestal.  The  sugar  had  Rf  values  of  .98  with  IPrAq,  .99  with  IPrBu  and 
.98  with  PrEtAc.  Composition  of  solvents  for  the  anthocyanin  and  aglycone 
was  described  by  Harborne  (1967)  and  the  solvents  for  the  sugar  by  Smith 
(1960).  The  soybean  anthocyanin  in  MeOH-HCl  had  an  absorption  max  at  507  my 
and  the  aglycone  in  MeOH-HCl  had  an  absorption  max  at  521  my.  On  the  basis 
of  these  data,  the  soybean  pigment  was  identified  as  pelargonidin  3-monogluco- 
side.  The  orange  pigment  in  L67-3469  may  also  be  Pg  3-mgl  but  this  has  not 
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been  proven. 

A  bluish-purple  pigment  was  extracted  from  seedcoats  of  L68-2073,  a 
self-imperfect  black  Clark  isoline.  Paper  chromatography  revealed  only  one 
band  of  pigment.  This  band  may  be  the  same  pigment  as  one  of  the  bluish- 
purple  bands  in  L67-3469,  but  more  research  is  needed  to  prove  or  reject  this 
hypothesis . 
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INSTITUTE  OF  AGRONOMY  AND  PLANT  BREEDING 
University  of  Agriculture 
Gregor  Mendel  Str.  33 
1180,  Vienna,  Austria 

1 )  Soybean  breeding  in  Austria. 

Introduction:  Since  Brillmayr  (1929)  published  his  first  report  on 
soybeans,  there  has  been  almost  no  intensive  research  on  it  in  Austria.  Its 
cultivation  dropped  gradually  and  then  ceased  completely  after  World  War  II, 
due  to  the  increased  import  of  American  soybean  products  and  the  difficulty 
in  producing  varieties  which  suit  Austrian  conditions. 

In  1970,  the  Institute  of  Agronomy  and  Plant  Breeding,  University  of 
Agriculture,  Vienna,  started  to  renew  interest  in  soybean  and  worked  out  a 
program  to  develop  its  cultivation,  aiming  to  insert  it  as  a  suitable  legum¬ 
inous  plant  in  the  crop  rotation,  and  to  benefit  from  this  rich  source  of 


8 


protein  badly  needed  for  animal  and  human  nutrition. 

The  first  problem  was  to  find  suitable  varieties  with  a  short  vegeta¬ 
tion  period,  not  longer  than  140  days;  a  high  enough  yield  to  be  profitable 
for  the  producers;  and  good  seed  quality  to  fulfill  the  industrial  require¬ 
ments. 

The  investigations  were  carried  on  at  the  Institute's  nursery  in  Vienna, 
and  its  Research  Station  in  Grofenzersdorf  (25  Km  from  the  University,  48°12' 
latitude,  16° 34 '  longitude,  elevation  153  m,  mean  rainfall  per  year  578  mm 
and  the  mean  annual  temperature  9.8°C). 

The  breeding  program  consists  of:  I-Germplasm  collection:  Since  soy¬ 
bean  is  considered  as  an  almost  new  crop  in  Austria,  collection  of  introduced 
varieties  formed  a  fundamental  part  of  the  breeding  work.  About  150  intro¬ 
ductions  from  different  countries  (USA,  Sweden,  Japan,  Brasil,  Nigeria, 

Hungary,  Czechoslovakia,  Yugoslavia  and  West  Germany)  have  been  evaluated 
extensively  and  the  promising  entries  were  selected  to  form  the  basis  of  the 
major  part  of  the  breeding  material.  The  local  Austrian  varieties  introduce 
a  very  small  portion  of  the  genetic  variability  required  for  any  breeding  pro¬ 
gram  and  are  impossible  to  depend  upon. 

II— Improving  the  agronomical  treatments:  The  promising  material  was 
introduced  in  different  field  trials  to  evaluate  its  reaction  to  different 
agronomical  treatments  such  as:  way  and  method  of  sowing,  plant  density, 
time  of  sowing,  depth  of  seeds,  inoculation  with  bacteria,  insecticides,  herbi¬ 
cides,  effect  of  temperature,  photoperiod  and  supplementary  irrigation  on  seed 
germination  and  yield  potential,  etc.  The  importance  of  such  investigations 
is  to  throw  light  upon  the  norm  of  reaction  of  each  entry  "genotype",  and  to 
find  out  the  best  agronomical  and  environmental  combinations  which  enable  the 
genotype  to  express  its  maximum  potential.  Time  of  sowing,  for  example, 
affects  the  onset  of  blooming  but  not  the  ripeness  and  the  harvest  time. 

Early  sowings  gave  the  best  results  (Gretzmacher ,  1974). 

II I  —Selection:  As  already  mentioned,  since  soybean  is  an  almost  new 
crop  in  Austria,  simple  and  bulk  selection  from  entries  constitutes  the  major 
part  of  the  work.  The  first  information  about  any  entry  is  always  derived 
from  single  plants  grown  in  single  row  plots.  Promising  simple  or  bulked 
plants  were  selected  for  further  comparison  trials  using  Latin  square  or  ran¬ 
domized  complete  block  design.  In  general,  major  emphasis  was  placed  on 
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early  maturity,  yield,  height,  phenotypical  seed  quality,  resistance  to  shat¬ 
tering  and  diseases,  seed  size,  number  of  seeds  per  pod  and  number  of  pods 
per  plant.  No  attention  is  being  paid  at  present  to  the  chemical  composition. 

IV— Induction  of  mutations:  Three  groups  of  seeds  of  different  varie¬ 
ties  were  subjected  to  different  dosages  of  X-rays  during  the  period  from 
1970  until  1975,  which  can  be  summarized  as  follows: 

1)  Seeds  of  the  German  variety  'Caloria'  "class  00"  were  treated  in 
1970  with  400,  600,  4000,  8000  and  12000  rad  radiation,  under  the  direction 
of  the  Atomic  Research  Center  in  Seibersdorf,  Austria.  Selection  within  and 
between  the  initial  60  strains  was  practiced  annually  for  the  characters 
previously  mentioned.  Out  of  this  group  of  strains,  only  nine  were  still 
promising  in  1975  and  in  the  Mg  comparison  trials.  Minimum  phenotypic  differ¬ 
ences  were  found  between  the  selected  strains  and  the  original  material.  The 
relative  degree  of  yield  potential  among  strains  was  not  consistent  between 
successive  generations.  Besides  controlled  selection,  the  climatic  condi¬ 
tions  in  the  years  during  which  the  different  generations  were  advanced 
resulted  in  extremely  effective  natural  selection  for  maturity.  Weiss,  Weber 
and  Kalton  (1947)  explained  the  inconsistency  in  yield  potential  among  differ¬ 
ent  breeding  generations  to  be  due  to  the  late  maturity  which  is  alternately 
correlated  with  high  or  low  yield  depending  upon  seasonal  conditions.  In  a 
collection  of  mutants  selected  for  early  blooming  habit,  it  was  noticed  that 
the  seasonal  differences,  especially  thermophile,  affect  the  blooming  time 
more  than  the  ripeness,  and  consequently  the  harvest  time.  These  two  charac¬ 
ters  seem  to  be  independently  directed;  i.e.,  under  warm  environmental  condi¬ 
tions  these  selected  strains  start  to  bloom  earlier  than  under  cold  conditions, 
but  the  ripening  time  is  still  about  the  same.  Johnson,  Robinson  and  Comstock 
(1955)  found  that  genotypic  correlation  between  high  yield  and  long  period 
from  flowering  to  maturity,  lateness,  heavy  seed,  resistance  to  shattering 
and  lodging  were  appreciable  in  magnitude  and  suggested  that  they  may  be  of 
practical  value  in  selecting  for  high  yield.  Under  Austrian  conditions,  it 
was  noticed  that  multidimensional  selection  is  slow  but  promising.  In  the 
following  year  some  of  the  selected  strains  gave  as  high  yield  as  150%  of  the 
original  control  variety.  This  sudden  increase  had  never  been  reached.  Three 
superior  strains  are  recognized  as:  ST  31,  ST  53  and  ST  59,  and  gave  151.5, 
166.9  and  166.2%  of  the  original  mother  sample's  yield. 
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2)  Seeds  from  four  varieties,  'Caloria,'  'Altona,'  'Anoka,'  and  'Por¬ 
tage,'  were  subjected  to  X-rays  with  dosages  ranging  from  12000  to  32000  rad. 
The  highest  doses  were  almost  50%  lethal.  The  technique  used  and  the  charac¬ 
ters  selected  were  the  same  as  in  1970.  Two  promising  strains  were  obtained, 
AL  7202  and  Ca  7218,  which  gave  115.7  and  108.0%,  respectively,  of  the  yield 
of  their  original  ancestors.  The  differences  in  yield  potential  seem  to  be 
less  heritable  than  those  of  other  characters  valuable  to  breeding  purposes 
(Johnson,  Robinson  and  Comstock,  1955a). 

3)  In  1975, seeds  from  another  four  varieties,  'Swift,'  'OS-289'  (Yugo¬ 
slavia),  'Manchu  Wisconsin'  and  'Iregi-Szurkebaralh'  (Hungary),  were  sub¬ 
jected  to  another  combination  of  X-ray  dosages  between  4000  and  16000  rad. 
These  seeds  will  be  sown  this  year. 

V  —  Hybridization:  Last  year,  1975,  some  entries  drew  attention  by  be¬ 
ing  superior  in  one  or  more  characteristics .  A  hybridization  scheme  was 
drawn,  single  plants  were  grown  in  pots,  kept  under  glass  house  conditions 
with  supplementary  light  to  encourage  blooming  and  normal  growth.  Crosses 
between  some  extreme  plants  were  carried  out.  The  number  of  suitable  flowers 
was  too  little  and  about  60  crosses  were  completed.  The  F-j  seeds  were  sown 
the  following  summer  under  screen  house  conditions.  The  desired  combinations 
were  not  yet  found.  seeds  were  harvested,  and  weighed  but  no  segregation 
in  seed  coat  color  was  observed.  In  the  same  summer  of  1975,  a  large  scheme 
program  of  crossing  was  planned  and  carried  out.  Five  lines,  single  plants 
of  10  different  entries  and  varieties,  were  sowed  on  two  different  sowing 
dates  to  elongate  the  blooming  time  and  have  a  continual  supply  of  flowers. 
About  300  crosses  were  made,  representing  almost  all  possible  combinations. 
About  30  crosses  were  finally  harvested.  The  F-j  seeds  will  be  sown  this  year 
under  screen  house  conditions.  Major  attention  will  be  paid  to  back  crossing 
the  F-j  plants  superior  in  the  required  characters.  A  normal  large  program 
for  hybridization  is  scheduled  for  this  year. 

Summary:  After  a  period  of  three  decades,  attention  and  interest  has 
been  renewed  in  soybean  cultivation  and  breeding  in  Austria.  The  main  prob¬ 
lem  is  to  find  out  the  suitable  initial  material  for  breeding.  This  was 
practiced  with  the  help  of: 

1)  Germplasm  collection  from  different  countries. 

2)  Selection  between  and/or  within  introductions,  especially  for  short 
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vegetation  period  to  suit  Austrian  climatic  conditions,  plus  the 
other  economic  characteristics. 

3)  Induction  of  mutations. 

4)  Hybridization. 

Some  strains  originated  by  irradiation  appear  to  be  promising  under  the 
Austrian  climate  and  seeds  in  small  quantities  are  available  for  exchange. 

Selection  for  yield  from  normal  introductions  seems  to  be  also  hopeful 
in  spite  of  the  difficulties  cited  above.  The  yield  in  comparison  trials 
showed  that  the  maximal  yield  increase  obtained  during  the  period  1970-1975 
was  about  15-24%  due  to  varietal  adaptability. 
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1 )  Soybean  linkage  and  allelism  tests. 

F 2  linkage  results  are  presented  in  Table  1  with  a  =  XY,  b  =  Xy, 
c  =  xY,  and  d  =  xy  for  the  gene  pairs  listed  in  the  form  of  Xx  and  Yy. 
Percentage  recombination  was  obtained  as  previously  (Buzzell,  1974). 

As  reported  previously  (Buzzell,  1975),  the  T31  that  I  am  using  appeared 
to  carry  J_n  in  contrast  to  the  L_n  T31  used  by  Weiss  (1970).  The  ^  ^  results 
(Table  2)  show  that  my  T31  is  Jn_  the  same  as  T41  which  carries  l_n  (Bernard  and 
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Weiss,  1973)  and  the  same  as  T109  and  T204.  This  material  was  grown  in  a 
glasshouse  during  the  spring  of  1975  to  obtain  good  growing  conditions  free 
of  insects.  A  month  after  planting,  the  length  (L)  and  width  (W)  of  the 
terminal  leaflet  of  the  third  trifoliolate  (which  was  fully  expanded)  from 
the  cotyledonary  node  was  measured  on  each  plant.  The  L/W  ratios  of  1 n 
puberulent  plants  were  intermediate  between  those  of  broad-  and  narrow-leafed 
pubescent  plants.  This  suggests  that  p£  has  a  pleiotropic  effect  on  leaf 
shape  of  ]_n  plants. 

My  results  indicate  that  the  variety  'Midwest'  carries  dt-j .  A  determi¬ 
nate  selection,  0X303,  from  0X250  x  0X383  (where  0X250  is  a  determinate  selec¬ 
tion  from  'Blackhawk'  x  'Midwest')  crossed  to  a  determinate  selection  from 
'Arksoy'  x  'Blackhawk'  resulted  in  only  determinate  and  progeny. 

Table  1 

Soybean  F^  linkage  tests 


Genes  a  bed  Sum  %  R  SE  Phase 

0X281  (w-jWiwmwm)  x  Beeson  (W^WmWm) 

W-jW-j  Wmwm  333  6  4  107  450  2.2  0.5  c 

Harwood  (EpEpLpLo)  x  Tokachishiro  (epeplplo) 

Epep  LqIq  146  42  41  11  240  51.0  3.3  c 
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AGRICULTURE  CANADA 
Research  Station,  Harrow,  Ontario 
and 

RIDGETOWN  COLLEGE  OF  AGRICULTURAL  TECHNOLOGY 
Ridgetown,  Ontario 

1)  Determinate-Dt2  effects  on  soybean  characteristics. 

Bernard  (1972)  studied  a  gene,  D^,  which  hastened  the  termination  of 
apical  stem  growth  and  decreased  both  plant  height  and  number  of  nodes  per 
plant.  In  a  'Harosoy'  background,  a  Dt^,  isoline  had  a  15%  reduction  in 
height  and  was  three  days  earlier  maturing  but  was  similar  in  yield  to  Haro¬ 
soy.  There  was  some  reduction  in  weight  per  seed  associated  with  the  Dt>> 
effect.  We  have  worked  with  the  Dt^  gene  in  a  Harosoy  background  and  have 
obtained  an  even  greater  effect  on  plant  height,  maturity,  and  weight  per 
seed  but  yet  have  maintained  yield.  It  appears  that  there  might  be  another 
gene  involved  which  interacts  with  Dtp. 

The  cross,  L62-361  (Harosoy^  x  Til 7)  x  L59-738  ('Harosoy  63'),  was  made 
at  Harrow  in  1965  to  combine  Dt^  with  Rps-| .  In  selecting  for  a  resistant, 
determinate  line,  we  selected  for  maturity  as  close  to  Harosoy  63  as  possible. 
Another  line  was  selected  which  was  six  days  earlier  than  L62-361.  These  two 
determinate  lines,  0X708  and  0X719,  were  tested  with  Harosoy  63  at  Harrow 
and  Woodslee  (1971-73)  and  at  Ridgetown  (1974)  in  replicated  row  tests. 

Results  are  given  in  Table  1. 

A  growth  analysis  test  was  conducted  at  Harrow  in  1973  with  samples 
taken  every  two  weeks  beginning  July  3  (25  days  after  planting).  On  July  16, 
0X708,  0X719,  and  Harosoy  63  averaged  8,  6,  and  3  flowers  per  plant,  whereas 
on  July  30  they  averaged  35,  30,  and  20  flowers  per  plant.  There  were  no 
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differences  (from  9  to  10  flowers)  on  August  13,  at  which  time  maximum  plant 
height  had  been  reached.  Results  of  the  sample  for  this  date  are  given  in 
Table  2,  along  with  the  average  results  for  two  samples  at  maturity.  0X708 
differed  significantly  from  0X719  in  being  earlier  maturing  and  having  less 
weight  per  seed.  In  other  characteristics  these  two  lines  were  fairly  simi¬ 
lar  but  0X708  tended  to  differ  more  from  Harosoy  63  than  did  0X719. 

We  postulate  that  0X719  received  Dt^  plus  another  gene  from  L62-361  and 
that  0X708  received  Dt^  from  L62-361  but  a  different  allele  from  L59-738  for 
the  other  gene.  On  the  basis  of  this  hypothesis,  0X708  and  0X719  have  been 
backcrossed  to  L59-738  for  further  study;  the  cross  with  0X708  should  not 
segregate  for  maturity  within  the  Dt^  class  whereas  the  cross  with  0X719 
should  segregate. 

The  "early-determinate"  characteristic  of  0X708  has  distinct  effects  on 
leaf  and  podding  characteristics  compared  with  Harosoy  63.  Early-determinate 
has  been  combined  with  l_n  for  further  study  in  relation  to  narrow  leaflets 
and  4-seeded  pods.  We  have  used  0X708  in  a  number  of  crosses  and  will  attempt 
to  select  early-determinate  strains  as  a  means  of  increasing  the  yield-matu¬ 
rity  index. 


Table  1 

Row  test  results  for  Dt^  isolines  of  Harosoy  63 


Yield 

kg/ha 

Days  to 
mature 

Yield 
maturi ty 
index3 

Lodging 

1  =  Erect 
5=  Flat 

PI  ant 
height 
cm 

g/ioo 

seeds 

Harrow  and  Woodslee,  1971-73 

0X708 

3216 

114 

28 

1.9 

93 

18.1 

0X719 

3215 

117 

27 

1.6 

91 

19.2 

Harosoy  63 

3048 

121 

25 

2.6 

106 

19.6 

L.S.D. ( .05) 

N.S . 

1 

2 

0.3 

5 

0.7 

Ridgetown, 

1974 

0X708 

2986 

123 

24 

1.5 

96 

15.9 

0X719 

3188 

127 

25 

1.2 

99 

17.9 

Harosoy  63 

2946 

131 

22 

1.7 

114 

18.8 

aYield-maturi ty  index  =  yield  (in  kg/ha)/days  to  mature. 
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1 )  Soybean  gene  resources  recently  received  from  China. 

Forty  soybean  cultivars  were  received  from  the  Peoples  Republic  of 
China  in  a  number  of  exchanges  between  June  1973  and  June  1974.  The  first 
eight  cultivars  that  we  received  were  grown  in  row  tests  at  Harrow,  Woodslee 
and  Ridgetown  in  1975,  along  with  'Harlon,'  'Harosoy  63,'  and  'Harcor. '  These 
eight,  plus  the  next  seven  that  we  received,  had  been  tested  in  hill  plots  at 
Harrow  in  1974,  along  with  Hardome,  Harlon,  Harosoy  63,  and  'Harwood.1  The 
highest  and  lowest  cultivar  values  are  given  for  each  of  a  number  of  charac¬ 
teristics  within  each  group  of  cultivars  as  an  indication  of  the  potential 
value  of  the  new  germplasm.  The  Chinese  cultivars  did  not  exceed  those  from 
Harrow  in  productivity.  Although  plant  height  tended  to  be  shorter,  lodging 
was  more  of  a  problem  with  the  Chinese  cultivars  in  row  culture  than  with  the 
Harrow  cultivars. 

Of  the  40  cultivars,  some  were  determinate  and  12  had  narrow  leaves,  in 
contrast  to  the  indeterminate  Harrow  cultivars  which  have  broad  leaves.  Only 
four  cultivars  carry  R£s-,  resistance  to  race  1  of  Ph.ytophthora  megasperma  var. 
sojae ,  with  none  having  specific  resistance  to  the  new  races.  However,  of 
the  eight  cultivars  grown  in  1975  at  Woodslee  where  race  6  is  prevalent,  all 
were  as  field  tolerant  as  Harcor  which  was  considerably  better  than  Harlon 
and  Harosoy  63.  This  germplasm  is  being  tested  as  a  source  of  .olygenic  var¬ 
iability  for  resistance  to  phytophthora  rot. 


Table  1 

Ranges  for  groups  of  Chinese  and  Canadian  (Harrow)  soybean  cultivars 
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Lodging:  1  =  Erect,  5  =  Prostrate- 

P/\  =  photosynthetic  rate  (mg  C02/dm2/hr)  measured  at  early  flowering  stage. 
%  beans  =  bean  weight  x  100/mature  plant  (top)  weight. 
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Copies  of  cultivar  descriptions  and  results  are  available  from  the 
Harrow  Research  Station,  and  seeds  of  the  15  cultivars  grown  in  1974  are 
available  from  The  Plant  Gene  Resources  of  Canada. 

R.  I.  Buzzell,  B.  R.  Buttery  and  L.  J.  Anderson 
Agriculture  Canada 

D.  A.  Littlejohns 

Ridgetown  College  of  Agricultural  Technology 
J.  G.  R.  Loiselle 

The  Plant  Gene  Resources  of  Canada 


BELTSVILLE  AGRICULTURAL  RESEARCH  CENTER 
Cell  Culture  and  Nitrogen  Fixation  Laboratory 
Beltsville,  Maryland 

1 )  Genetic  studies  of  soybean  host  cultivar  interactions  with  Rhizobium 

strai ns. 

Several  genetic  factors  have  been  identified  which  govern  specific  nodu- 
lation  response  in  soybeans.  The  Rj_2  genotype,  carried  by  the  cultivars 
'Hardee'  and  ' CNS , '  conditions  an  ineffective  response  in  specific  combination 
with  Rhizobium  japonicum  strains  of  serogroups  cl  and  122.  The  ineffective 
response  is  characterized  as  the  development  of  either  cortical  proliferations 
on  the  roots  or  rudimentary  nodules,  rather  than  normal  nodules.  The  Rj_^ 
genotype,  carried  by  the  cultivar  Hardee,  conditions  an  ineffective  response 
in  combination  with  strain  33;  and  the  genotype,  carried  by  the  cultivars 
'Hill,'  'Dunfield,'  and  'Dare,'  conditions  an  ineffective  response  with 
strain  61 . 

In  monitoring  the  presence  of  these  genes  in  the  germplasm  now  used  in 
the  production  of  soybeans  in  the  U.S.,  the  cultivars  in  Table  1  were  tested, 
by  the  leonard  jar  technique,  against  Rhi zobium  strains  defining  for  the  pres¬ 
ence  of  several  Refactors:  strain  7  (of  serogroup  cl)  for  RJ_2 »  strain  33 
for  Rj_3>  strain  61  for  Rj^.  Strain  123  was  included  because  of  its  aberrant 
reaction  with  the  cultivar  'Peking.'  Strain  110  was  included  as  a  check. 

The  results  indicate  that  the  cultivars  'Lee'  and  'Davis'  exhibit  the 
Rj ^  phenotype.  Both  Lee  and  Davis  have  pedigrees  which  involve  CNS.  In 
other  tests  we  have  found  that  CNS  also  carries  the  Rj_^  9ene  as  we^  as  Bl2* 

In  this  test  'Amsoy  71'  exhibits  the  Rj,  phenotype.  'Tracy'  is  heterogeneous 
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for  the  Rj^  phenotype,  with  some  plants  nodulated  normally  and  others  dis¬ 
playing  the  ineffective  response.  The  pedigree  of  Amsoy  71  involves  Dun- 
field,  the  putative  source  of  the  Rj_^  gene.  The  pedigree  of  Tracy  involves 
Hill  as  the  putative  source  of  the  Rj^  gene. 


Cultivars 

Maturity 

group 

Rhizobium  strains 

7 

33 

61 

110 

123 

Uninoculated 

check 

Hodgson 

I 

NOD 

NOD 

NOD 

NOD 

NOD 

Not 

nodulated 

Amsoy  71 

II 

NOD 

NOD 

Ineffective 

NOD 

NOD 

Not 

nodul ated 

Corsoy 

II 

NOD 

NOD 

NOD 

NOD 

NOD 

Not 

nodulated 

Wi 1 1 iams 

III 

NOD 

NOD 

NOD 

NOD 

NOD 

Not 

nodulated 

Bonus 

IV 

NOD 

NOD 

NOD 

NOD 

NOD 

Not 

nodul  ated 

Forrest 

V 

NOD 

NOD 

NOD 

NOD 

NOD 

Not 

nodul ated 

Tracy 

VI 

NOD 

NOD 

Ineffective3 

NOD 

NOD 

Not 

nodulated 

Lee 

VI 

NOD 

Ineffective 

NOD 

NOD 

NOD 

Not 

nodulated 

Davis 

VI 

NOD 

Ineffective 

NOD 

NOD 

NOD 

Not 

nodulated 

Bragg 

VII 

NOD 

NOD 

NOD 

NOD 

NOD 

Not 

nodul ated 

NOD  =  normal  nodulation. 

Ineffective  =  Cortical  proliferations  or  rudimentary  nodules  rather 
than  normal  nodules  are  formed  on  the  roots, 
a  =  Heterogeneous  population. 
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2)  Vegetative  propagation  of  soybeans. 

During  the  course  of  genetic  studies  of  possible  linkage  associations 
involving  factors  controlling  nodulation  response  in  soybeans,  we  found  it 
desirable  to  increase  the  size  of  the  population  produced  in  the  green¬ 
house  during  the  winter.  We  endeavored  to  do  this  by  vegetatively  propagat¬ 
ing  the  F-j  hybrid  plants  for  use  in  seed  production.  We  visualize  that  vege¬ 
tative  propagation  would  also  be  useful  for  other  purposes:  (1)  maintaining 
aneuploids  which  segregate  at  meiosis,  and  (2)  providing  propagules  which  may 
be  subjected  to  different  photoperiod  regimes,  thus  providing  coincidence  of 
flowering  in  crosses  of  uncertain  maturity  when  little  seed  is  available. 

In  a  search  of  recent  publications,  we  have  been  unable  to  find  a  technique 
describing  procedures  for  vegetative  propagation  of  soybeans.  We  tested  the 
following  procedure  for  rooting  of  cuttings. 

Greenhouse  plants  of  the  cultivar  'Clark'  were  used  as  stock  material 
for  cuttings.  The  cuttings,  8  to  10  cm  long  with  two  or  three  nodes,  were 
taken  from  the  mid-section  of  75-day  old  plants.  Smooth  clean  cuts  were  made 
with  a  scalpel  0.5cm  below  the  lower  node.  One  trifoliate  leaf  remained  on 
the  upper  node  of  the  cutting.  No  root  promoting  compounds  were  applied. 

Two  rooting  media  were  used,  coarse  perlite  and  vermiculite.  The  media 
were  held  in  a  wooden  flat  35  x  50  x  10  cm  and  placed  under  a  continuous  fine 
mist.  Cuttings  were  implanted  in  the  medium  to  a  depth  of  7  to  9  cm  (inter¬ 
node  length)  leaving  a  trifoliate  and  a  portion  of  the  stem  uncovered. 
Twenty-one  days  after  impl anting,  the  cuttings  were  removed  from  the  media. 

Both  media  provided  satisfactory  rooting.  Fifty-two  cuttings  of  the 
56  attempted  (94%)  developed  a  root  system.  The  roots  of  the  cuttings  in 
perlite  were  thicker  and  more  numerous  with  more  lateral  roots  than  the  cut¬ 
tings  in  vermiculite.  Cuttings  in  vermiculite  were  finer  and  longer  than 
those  in  perlite.  Roots  originated  at  both  the  node  and  internodal  regions, 
above  and  below  the  basal  node.  However,  roots  developed  most  profusely  at 
the  node.  Seventy-five  percent  of  the  cuttings  rooted  exclusively  at  the 
nodal  area.  The  remaining  25%  rooted  along  the  internode  as  well  as  at  the 
node.  No  prominent  callus  tissue  or  swelling  was  observed. 

J.  S.  Plaskowitz 
T.  E.  Devine— USDA 
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UNIVERSITY  OF  GEORGIA 
Department  of  Agronomy 
Athens,  Georgia 
and 

GOLD  KIST  RESEARCH 
Ashburn,  Georgia 

1 )  Evidence  of  a  second  gene  controlling  a  short  internode  (zigzag  stem) 

character. 

Kilen  and  Hartwig  (1975)  have  described  a  short  internode  character 
found  in  PI  227.224  which  causes  a  zigzag  stem  appearance.  They  indicated 
that  the  short  internode  character  was  probably  determined  by  a  single  reces¬ 
sive  gene  pair  based  on  classification  of  the  presence  or  absence  of  the  zig¬ 
zag  stem  appearance.  In  the  generations  of  the  crosses,  PI  227.224  x 
'Coker  338'  and  PI  227.224  x  'Davis,'  we  observed  two  different  ratios.  In 
the  first  cross  the  segregation  was  3  normal  stem  :  1  zigzag  stem  (724:229, 

expected  714:238,  =  .5-  .3).  In  the  PI  227.224  x  Davis  cross  the  ratio 

o 

was  15  normal  stem  :  1  zigzag  stem  (765:58,  expected  772:51  ,  x  P  =  .5 -.3). 
This  ratio  differed  from  a  3:1  at  the  1%  level  of  probability  (by  the  Chi- 
square  test).  The  F^  plants  in  both  crosses  had  normal  stem  types.  These 
data  suggest  that  PI  227.224  and  Davis  differ  by  two  recessive  genes  for  this 
character.  The  F^  generation  of  this  cross  will  be  evaluated  during  the  sum¬ 
mer  of  1976.  Crosses  have  been  made  to  determine  the  relationship  of  the  two 
recessive  genes  indicated  in  this  cross  and  the  single  recessive  gene  indi¬ 
cated  by  Kilen  and  Hartwig  (1975). 

The  F^  generation  of  a  third  cross  ('Jackson'  x  PI  227.224)  was  space 
planted.  Jackson  also  appeared  to  differ  from  PI  227.224  by  one  recessive 
gene  for  this  character.  The  average  internode  lengths  (mean  of  the  sixth 
and  seventh  internodes)  were  2.2,  2.0,  1.6,  and  2.9  cm  for  the  normal,  zig¬ 
zag,  PI  227.224,  and  Jackson  plants,  respectively.  This  small  difference  in 
internode  length  (0.2  cm)  between  normal  and  zigzag  stem  types  and  the  fact 
that  normal  stem  plants  were  found  with  shorter  average  internode  lengths 
than  some  of  the  zigzag  stem  plants  suggest  that  the  zigzag  stem  appearance 
may  be  due  to  some  other  anatomical  characteristic.  This  possibility  is  also 
being  explored. 
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UNIVERSITY  OF  ILLINOIS 
Department  of  Agronomy 
Dixon  Springs  Agricultural  Center 
Simpson,  Illinois 

1 )  Forage  value  of  soybean  plants. 

Soybeans  have  been  evaluated  for  a  second  year  as  to  their  contribution 
to  silage  quality  when  interplanted  with  Zea  mays.  In  1974,  two  forage  cul- 
tivars  ('Black  Wilson1  and  'Laredo')  available  in  the  local  seed  trade,  and 
'Amsoy  71'  were  interplanted  with  a  number  of  sorghum-sudans ,  grain  sorghums, 
and  Zea  mays.  A  number  of  protepeas  (Vigna  unguiculata)  were  also  inter¬ 
planted. 

The  forage  soybeans  increased  dry  matter  yield  over  that  of  the  grasses 
alone  with  or  without  nitrogen,  or  with  protepeas  in  1974.  The  soybeans 
flowered  and  set  seed  in  the  shade  of  the  tall  grasses  much  more  readily  than 
did  the  forage  protepeas.  With  the  first  frosts  in  the  fall  the  protepeas 
were  killed,  but  the  indeterminate  forage  soybeans  increased  growth. 

Material  harvested  as  silage  in  the  fall  of  1974  were  subjected  to  qual¬ 
ity  evaluation  by  an  artificial  rumen  technique  (in  vitro  diqestibil ity-IVD) 
and  by  crude  protein  analyses.  IVD's  of  Zea  mays  and  the  Zea  mays -legume 
combinations  were  far  superior  to  that  of  the  other  mixtures  in  the  study. 

The  soybeans  and  protepeas  both  increased  the  crude  protein  content  above 
that  of  Zea  mays  alone.  Protein  increase  was  greatest  with  the  soybeans. 
However,  in  vitro  digestibility  of  the  mixture  was  significantly  reduced  by 
the  soybeans  whereas  it  was  increased  by  the  protepeas. 

In  1975,  Zea  mays  was  planted  alone  or  in  combination  with  the  two  for¬ 
age  soybean  cultivars  used  in  1974,  plus  wild  soybean  (Glycine  ussuriensis) 
[Editor's  note:  now  called  G.  soja] ,  protepeas,  and  hyacinth  bean,  Pol ichos 
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lab  lab  [Editor's  note:  now  called  Lablab  purpureus]  (Tifton  #1).  Even 
though  Amsoy  71  soybean  had  good  seed  set  in  the  1974  study,  its  relative 
plant  maturity  tended  to  decrease  quality  below  that  of  the  green  forage 
types  so  a  grain  variety  was  not  interplanted  the  second  year. 

No  legume-Zea  mays  planting  combination  significantly  affected  yield  in 
1975.  A  portion  of  each  replication  was  hand  harvested  to  determine  the 
quality  of  leaf-stem-pod  components  of  each  interplanted  legume.  The  compon¬ 
ents  were  analyzed  not  only  for  crude  protein  and  IVD,  but  also  for  total 
cell  wall,  cellulose,  and  lignin.  The  amounts  of  each  quality-component  por¬ 
tion  were  then  summed  to  give  whole  plant  values  (Table  1). 


Table  1 

Whole  plant  in  vitro  digestibility,  crude  protein,  total  cell  wall,  cellu¬ 
lose  and  lignin  of  soybean,  protepea,  and  hyacinth  bean  forage 


IVD 

CP 

TCW 

Cel lulose 

Lignin 

Black  Wilson  soybean 

55 . 6d 1 

19.3a 

53.7ns 

27.7a 

14.4a 

Laredo  soybean 

56. Id 

16.8b 

56.3 

29.0a 

1 3.0ab 

2 

Wild  soybean 

(61.4) 

(17.2) 

(52.7) 

(24.2) 

(11.7) 

New  Era  protepea 

67.3b 

10. 7d 

54.1 

28.7a 

11.8b 

Whippoorwill  protepea 

71.1a 

1 2. 2cd 

55.3 

24.6b 

10.4b 

Hyacinth  bean 

60.9c 

10. 8d 

55.7 

29.0a 

1 2. 7ab 

^Means  followed  by  the  same  letter  are  not  statistically  different 

(.05)  according  to  Duncan's  Multiple  Range  Test, 
o 

Wasn't  included  in  statistical  analyses  as  rabbits  selectively  grazed 
out  most  of  each  replicate,  and  regrowth  material  was  available  from  only 
two  locations. 

Stems  of  the  soybean  plants  were  quite  high  in  lignin.  Even  though  34% 
of  the  dry  matter  was  pods  (seeds  included),  whole  plant  Black  Wilson  IVD  was 
among  the  lowest  of  the  legumes  tested  (Table  1).  Crude  protein  content,  on 
the  other  hand,  was  superior  to  that  of  the  other  legumes,  a  result  of  the 
large  seed  component.  Total  cell  wall  was  not  different  between  the  legumes, 
and  only  one  protepea  cultivar  had  a  lower  cellulose  content  (Table  1). 
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The  low  whole  plant  quality  of  the  soybeans  was  not  only  a  reflection 
of  high  stem  fiber  but  also  a  reflection  of  high  leaf  fiber.  The  better 
quality  of  the  wild  soybean  was  due  to  the  young  growth  which  finally  occurred 
at  the  end  of  the  summer  as  rabbit  pressure  eased.  Rabbits  and  deer  selec¬ 
tively  browsed  the  soybeans  and  neglected  the  protepeas  in  both  1974  and  1975. 
The  apical,  meristemic  regions  of  the  growing  soybean  plant  are  apparently 
quite  acceptable  even  though  the  rest  of  the  plant  is  highly  fibrous. 

Use  of  the  leafy,  small-vined  G_.  soj a  in  1975  was  an  effort  to  improve 
protein  while  retaining  the  in  vi tro  digestibility  of  Zea  mays  silage.  Per¬ 
haps  other  soybean  types,  possibly  the  edible  or  non-pubescent  types,  may  have 
less  plant  fiber. 

Reference 

Gupta,  B.  S.,  D.  E.  Johnson,  F.  C.  Hinds  and  H.  C.  Minor.  1973.  Forage 
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1 )  Determination  of  sugar  content  of  individual  soybean  seeds. 

In  order  to  investigate  the  possibility  of  single  seed  selection  for 
sugar  content  in  soybeans,  a  technique  has  been  developed  for  analysis  of 
20-40  mg  samples  of  soybean  meal.  The  method  described  by  Hymowitz  et  al . 
(1972)  has  been  modified  to  serve  this  purpose. 

A  portion  of  a  soybean  seed  is  ground  for  5  min  in  a  ball  mill  (Spex 
Industries,  Inc.).  A  40  mg  sample  of  meal  is  weighed  and  wrapped  in  lh  cm 
Whatman  filter  paper  (No.  50).  The  package  is  then  bound  tightly  with  wire. 
Lipids  are  extracted  by  refluxing  for  24  hr  with  petroleum  ether  (bp  30-60  C) 
in  a  Soxhlet  extraction  apparatus.  The  defatted  meal  is  then  transferred  to 
a  16  x  125  mm  screw-capped  culture  tube  and  .5  ml  (2.5  mg)  of  gentiobiose 
solution  is  added  as  an  internal  standard.  The  volume  is  brought  to  5  ml 
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with  80%  ethanol  and  the  tube  is  shaken  on  a  Super  Mixer  (Matheson  Scien¬ 
tific).  The  sample  is  heated  in  a  75  C  water  bath  for  1  hr,  being  shaken 
every  10  min.  The  solution  is  then  transferred  to  a  50  ml  beaker.  The  meal 
is  washed  four  times  with  5  ml  of  80%  ethanol,  the  washings  being  combined 
with  the  original  transfer.  The  sugar  solution  is  evaporated  to  low  volume 
(about  3  ml)  and  transferred  to  a  clean  culture  tube.  Protein  is  precipi¬ 
tated  with  6  drops  of  lead  acetate,  and  6  mg  of  sodium  bicarbonate  is  added 
to  remove  excess  lead.  The  sample  is  then  centrifuged  at  2000  g  for  15  min 
and  decanted  into  a  15  x  45  mm  shell  vial.  The  pH  is  adjusted  to  5. 7-6. 3 
with  3.4  M  acetic  acid  and  the  sample  is  then  evaporated  to  complete  dryness. 
Derivitization  and  GLC  settings  are  as  described  by  Hymowitz  et  aj_.  (1972) 
with  the  following  exceptions:  carrier  flow  rate,  30  cc/min;  carrier  makeup, 
90  cc/min;  column  temperature  rise  from  150-330  C  over  an  8  min  rise  time, 
preceded  by  a  hold  time  of  2.4  min  at  150  C. 

Reference 
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* 

2)  Inheritance  of  a  second  SBTI-Aq  variant  in  seed  protein  of  soybeans. 

The  soybean  trypsin  inhibitor  (SBTI-A2)  is  a  seed  protein  that  exhibits 

different  electrophoretic  forms.  Hymowitz  and  Hadley  (1972)  demonstrated 

that  two  different  electrophoretic  forms  of  SBTI-A9  represent  the  expression 

L  .1 

of  two  codominant  alleles  at  a  single  locus.  They  assigned  the  symbol  Ti_ 
to  the  allele  controlling  the  most  commonly  occurring  electrophoretic  form 
Rf  0.79/10%  (Rf  =  mobility  relative  to  the  dye  front  in  a  10%  polyacrylamide 
gel  anodic  system)  and  T_i_  to  the  allele  controlling  the  electrophoretic  form 
found  at  Rf  0.75/10%.  A  third  el ectrophoretic  form  of  SBTI-A^  Rf  0.83/10% 

* 

Research  supported  in  part  by  grants  from  the  Illinois  Crop  Improve¬ 
ment  Association  and  the  United  States  Agency  for  International  Development 
under  Contract  No.  AID/CM/ta-c-73-19. 
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was  recently  located  in  seed  of  PI  246.367  and  PI  196.172  (Hymowitz,  1973). 
Data  reported  herein  is  concerned  with  the  inheritance  of  Rf  0.83/10%  elec¬ 
trophoretic  form. 

We  crossed  T245  (Rf  0.75,  Ti_2)  with  PI  246.367  (Rf  0.83).  The  F]  seed 

had  both  electrophoretic  forms.  The  pooled  seed  segregated  1  Rf  0.75  : 

2  both  forms  :  1  Rf  0.83  (89:162:74,  expected  81.5:163:81.5,  X2P  =  -54).  We 

crossed  'Harosoy'  (Rf  0.79,  Ti,1 )  with  PI  246.367  (Rf  0.83).  The  F]  seed  had 

both  electrophoretic  forms.  The  pooled  F^  seed  segregated  1  Rf  0.79  :  2  both 

forms  :  1  Rf  0.83  (42:101:57,  expected  50:100:50,  X2P  =  .33).  In  both  crosses 

2 

the  data  were  pooled  since  the  x  analysis  among  families  showed  no  hetero- 
genei ty. 

From  these  data,  we  conclude  that  a  gene,  here  designated  Ti_  ,  controls 

the  electrophoretic  form  Rf  0.83/10%  and  that  it  has  two  codominant  alleles 
•  1  2 

T i  and  Ti_  with  which  it  forms  a  multiple  allelic  series  controlling  the 
three  electrophoretic  forms  of  SBTI-A^. 
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3)  The  gene  symbols  Sp ^ a  and  Sp-^  assigned  to  Larsen  and  Caldwell's  seed 
protein  bands  A  and  B.* 

Larson  (1967),  using  acrylamide  gel  electrophoresis,  described  two  seed 
proteins  in  soybean  seed  and  noted  they  were  variety  specific.  The  inheri¬ 
tance  of  these  proteins  (although  the  proteins  were  not  characterized)  was 
reported  as  being  controlled  by  two  codominant  alleles  at  a  single  locus 
(Larsen  and  Caldwell,  1968);  gene  symbols  were  not  assigned.  The  letters 
"A"  and  "B"  were  used  to  designate  the  two  different  seed  protein  bands. 

Research  supported  in  part  by  grants  from  the  Illinois  Crop  Improve¬ 
ment  Association  and  the  United  States  Agency  for  International  Development 
under  Contract  No.  AID/CM/ta-c-73-19. 


28 


Our  studies  using  polyacrylamide  gel  electrophoresis  revealed  that  the 
seed  protein  band  called  "A"  by  Larsen  and  Caldwell  (1968)  occurs  at  Rf 
0.36/10%  (Rf  =  mobility  relative  to  the  dye  front  in  a  10%  polyacrylamide  gel 
anodic  system)  and  the  seed  protein  band  called  "B"  occurs  at  Rf  0.42/10%. 

We  crossed  'Cloud'  (Rf  0.42)  with  'Amsoy'  (Rf  0.36).  The  F-|  seed  had  both 
electrophoretic  forms.  The  pooled  ?2  seed  segregated  1  Rf  0.36  :  2  both 
forms  :  1  Rf  0.42  (35:77:30,  expected  35.5:71:35.5,  x^p  =  .51).  We  propose 
the  gene  symbol  base  S£  for  seed  protein  with  subscript  numbers  to  designate 
different  proteins  and  superscript  letters  for  codominant  alleles  controlling 

a 

different  forms  of  a  protein.  Thus,  we  propose  Sj^  for  the  electrophoretic 
form  Rf  0.36  and  S£-jb  for  the  electrophoretic  form  Rf  0.42.  S^3  should  be 

the  same  gene  for  the  "A"  protein  band  studied  by  Larsen  and  Caldwell  in 
Amsoy,  and  S]^b  probably  corresponds  to  their  gene  for  the  "B"  protein  band. 
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INTERNATIONAL  SOYBEAN  PROGRAM  (INTSOY) 

UNIVERSITY  OF  ILLINOIS,  DEPARTMENT  OF  AGRONOMY 

and 

U.S.  REGIONAL  SOYBEAN  LABORATORY,  USDA-ARS 
Urbana-Champaign,  Illinois 

1)  Inheritance  in  chlorophyll  deficient  mutants.* 

Studies  of  chlorophyll  deficient  soybeans  have  shown  that  normal  devel¬ 
opment  of  chlorophyll  is  controlled  by  several  genes.  The  recent  review  by 
Bernard  and  Weiss  (1973)  summarizes  information  about  the  known  published 
chlorophyll  deficient  lines.  A  number  of  soybean  lines  exhibiting  chlorophyll 
deficiencies  which  have  not  been  studied  genetically  are  included  in  the 
genetic  type  collection  maintained  at  the  U.S.  Regional  Soybean  Laboratory. 
Inheritance  studies  of  two  of  these  lines,  T134  and  T162,  are  reported  in  this 
paper. 

Seeds  of  3  F-j  plants  of  T134  x  'Clark-k'  and  4  F-j  plants  of  T162  x 
Clark-k_were  obtained  from  the  U.S.  Regional  Soybean  Laboratory.  They  were 
planted  in  the  field  at  the  University  of  Puerto  Rico  Agricultural  Experi¬ 
mental  Substation  at  Isabela  on  June  13,  1974.  The  single  gene  recessive 
mutants  from  the  type  collection  that  are  viable  were  also  grown  along  with 
T134  and  T162.  Descriptions  of  the  phenotypes  of  the  parent  lines  follow: 


Line 

Seedling  stage  (8  days) 

Beyond  seedling  stage 

Cl  ark-k_ 

Normal  green  plant 

Normal  green  (the  seeds  have 
a  black  saddle  pattern  from 
the  mutant  gene  JO 

T134 

Cotyledon  and  primary  leaves  pale 
green 

Entire  plant  very  pale  green; 
smal 1 ,  weak  pi  ant 

T162 

Cotyledon  near  normal  green; 
primary  leaves  slightly  mottled, 
light  yellowish  green 

Entire  plant  light  yellowish 
green;  small  plant 

* 


This  study  was  supported  by  the  University  of  Illinois  and  the  U.S. 
Agency  for  International  Development  under  211(d)  grant  AID/CM/ta-g-73-49. 
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At  12  days  after  planting  (first  trifoliate  leaf  expanding)  the  normal 
green  plants  and  chlorophyll  deficient  plants  were  counted.  Table  1  shows 
the  segregation  of  normal  and  chlorophyll  deficient  plants  in  the  F2  genera¬ 
tion.  The  observed  results  closely  fit  the  expected  3:1  ratio. 


Table  1 

Observed  and  expected  ratios  in  the  segregating  generation 


No.  of  F2  plants 

Cross 

Chlorophyl 1 
Normal  deficient 

Chi -square 
probability 

T134 

Observed 

338 

110 

0.87 

Cl  ark-k_ 

Expected 

3:1  ratio 

336 

112 

T162 

Observed 

191 

62 

0.91 

Cl  ark-k_ 

Expected 

3:1  ratio 

189.75 

63.25 

In  the  F2  generation,  45  normal  green  plants  and  30  chlorophyll  defi¬ 
cient  plants  from  each  cross  were  harvested  and  the  progenies  were  grown  as 
single  plant  rows.  The  mean  number  of  F^  plants  per  normal  green  F2  plant 
was  34  and  ranged  from  4  to  132  for  T134  x  Clark-J<.  For  T162  x  Clark-J^,  the 
mean  number  was  75  with  a  range  of  12  to  167. 

Results  of  the  F^  test  are  shown  in  Table  2.  The  45  normal  F2  plants 
gave  a  ratio  of  approximately  1:2  for  normal  green  progeny  to  progeny  segre¬ 
gating  both  normal  green  and  chlorophyll  deficient.  For  total  F^  plants 
from  segregating  progenies,  the  observed  was  a  close  fit  to  the  expected  3:1 
ratio  of  normal  green  to  chlorophyll  deficient  for  both  crosses. 

All  progenies  from  chlorophyll  deficient  F2  plants  showed  the  same 
phenotype  as  the  F2* 

In  order  to  test  the  relationship  of  these  two  genes  with  known  genes 
of  similar  phenotypes,  crosses  were  made  in  Puerto  Rico  with  the  lines  which 
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Table  2 

Observed  and  expected  ratios  in  test  from  normal  green  and 


chlorophyll  deficient  F3 

pl ants 

No.  of  F^  progenies 

No.  of  F3  plants 

Chi- 

square 

prob¬ 

ability 

Cross 

F2  phenotype  0bserved  ExPected 

Normal 

T134 

Normal  (homo.) 

17 

15 

783 

0 

Cl  ark-k_ 

Normal  (heter.) 

28 

30 

obs .720 

237 

0.90 

exp. 717. 75 

239.25 

* 

Chlorophyl  1 
deficient 

26 

“ 

0 

305 

T162 

Normal  (homo.) 

10 

15 

903 

0 

Cl  ark-k_ 

Normal  (heter.) 

35 

30 

obs. 1978 

654 

0.88 

exp. 1974 

658 

* 

Chlorophyll 

deficient 

30 

- 

0 

619 

* 

Test  of  homogeneity  among  progeny. 

T162  x  Clark-k  (df  =  34)  X2P  =  .54 

T134  x  Cl  ark-TT  (df  =  27)  x2P  =  .35 

are  homozygous  for  recessive  chlorophyll  deficiencies.  The  F-j  hybrids  were 
planted  in  6  inch  pots  and  were  grown  to  maturity  in  the  University  of 
Illinois  agronomy  greenhouse  at  Urbana.  Table  3  shows  the  number  and  pheno¬ 
type  of  the  F-j  plants.  All  crosses  produced  normal  green  F-j  hybrids  with 
the  exception  of  T134  x  T 1 1 6  (y^).  This  F-j  hybrid  appeared  identical  in 
color  to  T134  and  Til 6  plants.  These  plants  were  slightly  more  vigorous 
than  T134  and  much  more  than  T116  which  is  an  extremely  small  weak  plant. 

The  T134  x  Til 6  hybrids  were  purple  flowered,  showing  the  dominance  of  Til 6 
purple  flower  (W_-| )  over  T134  white  flower  (w^ ) .  All  crosses  will  be  progeny 
tested. 

From  the  data,  it  appears  that  in  line  T162  chlorophyll  deficiency  is 
caused  by  a  single  recessive  gene  independent  of  all  previously  reported 
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Table  3 

Phenotype  of  F-j  plants  from  chlorophyll  deficient  line  crosses 


No.  of  F-|  plants 

P,  :  T134  P,  :  T162 


Genotype 

rarciii 

strain 

P2 

Normal 

Chlorophyll 

deficient 

Normal 

Chlorophyl 

deficient 

T102 

12 

0 

13 

0 

T116 

0 

6 

6 

0 

T136 

_b 

- 

3 

0 

*9 

T135 

3 

0 

2 

0 

*10 

T161 

9 

0 

7 

0 

^12 

T233 

10 

0 

5 

0 

*13 

T230 

5 

0 

3 

0 

*14a 

T229 

6 

0 

9 

0 

*159 

T234 

9 

0 

8 

0 

T134 

- 

- 

3 

0 

T162 

8 

0 

- 

- 

aUnpubl ished. 

bCross  is  presently  being  made. 


genes.  The  symbol  1S  here  assigned  to  this  gene.  T134  may  carry  the 
single  recessive  9ene  reported  in  T116  by  Morse  and  Cartter  (1937),  or 
the  chlorophyll  deficiency  may  be  caused  by  a  third  gene  at  the  same  locus. 
Further  study  is  necessary  to  clearly  establish  this  relationship. 
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IOWA  STATE  UNIVERSITY 
Department  of  Agronomy 
and 

UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
Ames,  Iowa 

1)  Polyploids  among  the  progeny  from  male  sterile  (ms^ms-j)  soybeans.* 

Last  year  we  reported  that  sterility  in  three  male  sterile  mutants 
(Ames,  Harosoy,  and  Urbana)  was  controlled  by  a  single  recessive  gene  at  the 
ms-|  locus  (Palmer  and  Winger,  1975).  Our  results  with  the  Urbana  male  ster¬ 
ile  are  in  agreement  with  those  of  Cooper  and  Boerma  (1975).  In  all  el  ism 
tests  with  the  North  Carolina  ms^  mutant,  several  of  the  sterile  testcross 
progeny  had  a  few  seeds.  These  testcross  plants  were  grown  in  the  greenhouse 
where  pollinating  vectors  seemed  to  be  absent. 

The  selfed  progeny  from  these  sterile  plants  had  40  chromosomes,  except 
for  one  plant  which  had  140  chromosomes.  We  therefore  checked  chromosome 
number  of  all  twin  seedlings  and  abnormal  seedlings  from  251  seeds  collected 
in  1972  and  1973  from  field-grown  Harosoy  male  sterile  plants  (Table  1). 

Table  1 

Progeny  from  Harosoy  sterile  (ms^ms^ )  plants 


Number  of  seeds  —  251 
Number  germinated  —  209 


Chromosome  number 

Frequency 

Number 

twin  seedl ings  —  6 

40/40 

5 

40/60 

1 

Abnormal  seedlings  —  15 

40 

4 

(2  died 

before  chromosome 

80 

1 

number 

determined ) 

~  120 

2 

~  140 

3 

~  160 

2 

-  180 

1 

* 

Research  supported  in  part  by  a  grant  from  the  American  Soybean 
Association  Research  Foundation. 
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In  addition  to  six  pair  of  twin  seedlings,  we  had  15  seedlings  with  visibly 
abnormal  cotyledons  and/or  roots.  The  one  tetraploid  plant  was  probably  the 
result  of  fertilization  of  a  triploid  ovule  (m^i^ms_-| )  by  a  haploid  sperm 
(Ms_i )  from  a  sib  plant.  This  is  suggested  because  the  tetraploid  plant  did 
not  have  failure  of  cytokinesis  which  characterizes  ms^ms^  (diploid)  and 
ms_i ms_i ms_i ms_i  (tetraploid)  plants.  It  is  also  interesting  that  the  chromosome 
numbers  of  the  remaining  seedlings  are  multiples  of  20,  not  40;  i.e.,  multi¬ 
ples  of  the  gametic,  not  the  sporophytic  chromosome  number.  The  high  ploidy 
levels  are  consistent  with  our  histological  observations  (Palmer  and  Albert- 
sen,  unpublished)  and  are  compatible  with  the  results  of  Cutter  and  Bingham 
(1975). 

References 
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2)  Trisomic  linkage  tests.* 

We  are  using  three  primary  trisomics,  Tri  A,  Tri  B,  and  Tri  C,  in 
attempts  to  locate  genes  on  specific  chromosomes  and  to  associate  chromosomes 
with  their  respective  linkage  groups. 

The  trisomics  were  used  as  female  parents  in  crosses  with  the  various 
genetic  types  listed  in  Table  1.  Chromosome  numbers  were  determined  from  F-j 
seedlings.  Segregation  ratios  were  determined  in  the  field  for  the  F2  prog¬ 
enies  from  disomic  and  trisomic  plants.  The  crosses  for  trisomics  A  and  B  (?) 
were : 

w  ep  T  YK2  fg-j  /  w  ep  T  YK2  fg-j  Y^  x  (a- )  W  Ep  t  yk2  Fg-j  Y^  /  W  Ep  t  yk2  Fg-j  y^ 


Research  supported  in  part  by  a  grant  from  the  American  Soybean  Associ¬ 
ation  Research  Foundation. 
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and  for  trisomic  C  (?)  were: 

W  Y!<2  /  W  Yl<2  x  ( cf )  w  /  wyk£  • 

No  evidence  of  trisomic  inheritance  of  any  of  the  tested  mutants  was  obtained 
(Table  1),  with  the  possible  exception  of  trisomic  A  and  flower  color.  The 
condition  tested  was  the  duplex  Www  and  a  2:1  ratio  is  expected  if  the  extra 
chromosome-carrying  pollen  is  eliminated.  We  observed  2.12:1  (Table  1).  A 
more  definitive  test  will  be  made  in  summer  1976  using  the  simplex  WWw  condi¬ 
tion.  Additional  mutants  to  be  tested  in  summer  1976  will  include  dt_-^ »  l_n -j , 

ril  >  Z]2’  — r  and  —2* 

Table  1 


Segregation  ratios  of  F2  disomic  and  trisomic  progenies  for  various  characters 


Genotype 

Number  of 
plants 

Ratio 

Number  of 
plants 

Ratio 

Di somic 

A 

Trisomic  A 

W-j  -  :  w-j w-j 

T-  :  t  t 

108:29 

3.72:1 

165:78 

2.12:1 

111:26 

4.27:1 

189:54 

3.50:1 

Ep-  :  ep  ep 

101  :29 

3.48:1 

97:30 

3.23:1 

%-  ■  -^g -| ■Pg -j a 
yk2-  :  yk2yk2b 

77:23 

3.35:1 

71  :29 

2.45:1 

114:23 

4.96:1 

183:60 

3.05:1 

Disomic 

B 

Trisomic  B 

W-|  -  :  w-|W-| 

180:62 

2.90:1 

623:203 

3.07:1 

T-  :  t  t 

824:278 

2.96:1 

621 :205 

3.03:1 

Ep-  :  ep  ep 

244:90 

2.71:1 

298:97 

3.07:1 

Fg-i  - : 

YK2-  :  yk2yk2b 

72:28 

2.57:1 

78:22 

3.55:1 

834:268 

3.11:1 

618:208 

2.97:1 

Y11Y11  :  Yllyll  :  yllyll 

70:147 

:  62 

1 .13:2.37:1 

56:121  :60 

0.93:2.02:1 

Disomic 

C 

Trisomic  C 

Wr:wiwi  . 

425:154 

2.76:1 

401 : 1 1 3 

3.55:1 

Yk2-  :  yk2yk2D 

593:170 

3.49:1 

482:136 

3.54:1 

aWe  wish  to  thank  Dr.  R.  I.  Buzzell ,  Agriculture  Canada,  Harrow,  Ontario, 
for  determining  Fcpj  or  fc^  from  our  leaf  samples. 

^Genetic  type  T253  is  chlorophyll  deficient  (y_)  and  has  a  saddle  pattern 

(k2). 
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3)  Linkage  studies  with  a  chromosomal  interchange.* 

Two  chromosomal  interchanges  have  been  reported  in  soybeans  by  Williams 
and  Williams  (1938)  and  Williams  (1948).  We  have  been  using  the  chromosomal 
interchange  reported  in  1948,  which  came  from  a  cross  between  Glycine  soja 
(PI  101.404B)  and  G.  max .  We  received  seed  in  1970  from  R.  L.  Bernard  (U.S. 
Regional  Soybean  Laboratory)  of  PI  101.404B  x  Clark  as  L68-7944-2.  We  have 
identified  homozygous  normal  chromosome  (N/N),  heterozygous  chromosomal  inter¬ 
change  (N/T),  and  homozygous  chromosomal  interchange  lines  (T/T).  The  homo¬ 
zygous  interchange  line  has  been  used  in  crosses  in  an  effort  to  locate  genes 
on  their  respective  chromosomes.  Heterozygous  interchange  plants  can  be 
identified  on  the  basis  of  about  50%  pollen  and  ovule  sterility.  Homozygous 
normal  chromosome  and  homozygous  interchange  lines  have  complete  pollen  and 
ovule  fertility.  The  data  in  Table  1  give  no  indication  of  linkage  of  the 
interchange  with  w -j ,  t^,  dt^ ,  st2,  st^,  or  st^ . 

Table  1 

Chromosome  linkage  studies  with  a  chromosomal  interchange  (F2  and  data) 


Cross 

Two-way  independent 
assortment  test 

Chi  - 
square 

Total 

progeny 

1) 

T241H 

X 

Clark  T/T 

(N/N 

+  T/T) 

/ 

N/T 

vs 

W/w 

0.1648 

1079 

S 1 2  s  t  ^ 

ww 

x  St2St2WW 

(N/N 

+  T/T) 

/ 

N/T 

vs 

S 1 2 / 

0.2252 

2) 

T242H 

X 

Clark  T/T 

(N/N 

+  T/T) 

/ 

N/T 

vs 

T/t 

1.7662 

1341 

St3st3 

tt 

x  St-^St^TT 

(N/N 

+  T/T) 

/ 

N/T 

vs 

St^/st^ 

0.8653 

3) 

T258H 

X 

Clark  T/T 

(N/N 

+  T/T) 

/ 

N/T 

vs 

T/t 

0.0045 

1576 

St4st4 

tt 

x  St^St^TT 

(N/N 

+  T/T) 

/ 

N/T 

vs 

S  t s  t ^ 

0.0135 

4) 

d  t-j  dt-j 

tt 

x  Clark  T/T 

(N/N 

+  T/T) 

/ 

N/T 

vs 

T/t 

0.4424 

1088 

Dt-j  Dt-j  TT 

(N/N 

+  T/T) 

/ 

N/T 

vs 

Dt-|/dti 

0.0013 

Research  supported  in  part  by  a  grant  from  the  American  Soybean  Asso¬ 
ciation  Research  Foundation. 
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4)  Environmental  influence  on  total  pollen  grains  per  flower  from  normal  and 

sterile  plants  of  the  Urbana  male  sterile.* 

In  1975  we  reported  the  ratio  of  normal  pollen  grains  to  coenocytic 
pollen  grains  per  anther  locule  of  greenhouse  grown  plants  from  the  original 
North  Carolina  line  of  the  ms-j  mutant.  The  observed  ratio  was  2:1  rather  than 
the  expected  4:1  (Palmer  and  Albertsen,  1975).  Cooper  and  Boerma  (1975), 
working  with  the  Urbana  male  sterile,  and  Palmer  and  Winger  (1975),  working 
with  Ames,  Harosoy,  and  Urbana  male  steriles,  proposed  that  the  gene(s)  con¬ 
ditioning  male  sterility  are  located  at  the  same  locus  as  the  ms_-|  gene.  We 
began  evaluations  of  the  effects  of  the  ms_-j  gene  in  these  lines,  particularly 
to  determine  the  ratio  of  total  normal  pollen  grains  to  coenocytic  pollen 
grains.  The  data  presented  here  is  from  the  Urbana  male  sterile.  Similar 
information  on  the  original  North  Carolina  ms-j ,  Ames,  and  Harosoy  male  ster¬ 
iles  is  not  yet  available. 

Table  1  is  a  compilation  of  total  pollen  grain  counts  per  flower  from 
fertile  plants  and  sterile  plants  of  the  Urbana  male  sterile  grown  in  the 
indicated  environments.  Total  mean  pollen  counts  were  obtained  from  counting 
the  pollen  grains  in  each  anther  of  a  given  flower  separately  and  then  adding 
the  10  anther  totals  to  get  the  flower  total.  Five  flowers  were  sampled  for 
each  normal  flower  entry  and  each  sterile  flower  entry  in  Table  1. 

We  found  variation  in  total  pollen  grains  per  flower  in  normal  plants 
and  sterile  plants  of  the  Urbana  male  sterile,  depending  upon  environment. 
Consequently,  the  ratio  of  total  normal  pollen  grains  per  flower  to  total 
coenocytic  pollen  grains  per  flower  also  varied  (see  Table  1).  Other  authors 
have  reported  pollen  grain  number  variations  in  the  same  plant  species.  Swen 
(1935)  reported  that  in  soybeans  there  is  variation  in  pollen  grain  number 

*Research  supported  in  part  by  a  grant  from  the  American  Soybean  Asso¬ 
ciation  Research  Foundation. 
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Table  1 

Pollen  counts  of  fertile  and  sterile  plants  of  the  Urbana 
male  sterile  grown  in  three  environments 


Total  pollen  counts/f lower3 

Observed  Expected 
ratio  x2  4:1 

Location 

Normal  Sterile 

Field:  Ames,  I A 
(August,  1975) 

5147.0  +  176.8 

1086.8  +  44.5 

4.74:1 

25.65** 

Greenhouse:  Ames,  IA 
(September,  1975) 

3737.8  +  228.3 

1176.0+  29.5 

3.18:1 

47.50** 

Field:  Athens,  GA^ 
(July,  1975) 

4877.8  +  290.0 

1305.4  +  37.8 

3.74.1 

4.78* 

★ 

Significant  at  5%  level. 

Significant  at  1%  level. 
aGiven  as  mean ^standard  error  of  the  mean. 

^We  wish  to  thank  Dr.  H.  R.  Boerma,  University  of  Georgia,  Athens,  for 
collecting  the  flowers. 

depending  upon  variety.  His  total  pollen  grain  counts  ranged  from  1870  pol¬ 
len  grains  per  flower  to  5010  pollen  grains  per  flower  among  the  5  varieties 
he  tested.  Similarly,  Beri  and  Anand  (1971)  reported  that  the  number  of 
pollen  grains  per  anther  in  wheat  varied  from  581  to  2158  among  various  vari¬ 
eties. 

Our  preliminary  data  have  suggested  that  the  final  ratio  of  normal  pol¬ 
len  grains  to  coenocytic  pollen  grains  cannot  be  singly  characterized  for  the 
ms-|  gene  in  the  Urbana  male  sterile.  Environmental  influences  were  signifi¬ 
cant  in  modifying  the  total  number  of  pollen  grains  produced  per  flower. 
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HOKKAIDO  CENTRAL  AGRICULTURAL  EXPERIMENT  STATION 
Naganuma,  Yubari-gun 
Hokkaido,  Japan 


1 )  Soybean  dwarf  virus  disease. 

In  the  cultivation  of  soybean  plants  in  Hokkaido  and  in  the  Tohoku 
region  of  Japan,  the  most  difficult  problem  at  present  is  soybean  dwarf  virus 
disease  (SDV).  This  disease  was  first  found  on  the  soybean  variety  'Tsurunoko' 
in  southern  areas  of  Hokkaido  in  about  1952.  Since  then  researchers  have  been 
attempting  to  overcome  it,  and  some  aspects  of  this  disease  were  clarified: 
for  example,  this  disease  was  not  transmitted  by  manual  inoculation  of  sap  or 
through  seeds,  but  was  transmitted  by  the  grafting  method  or  foxglove  aphid 
in  a  persistent  manner.  Two  strains  of  SDV  were  obtained  from  naturally 
infected  soybean  plants.  On  the  basis  of  their  symptoms,  one  of  them  was 
designated  a  dwarfing  strain,  which  caused  a  dwarfing  of  plants.  The  other 
was  designated  a  yellowing  strain,  which  caused  a  slight  chlorosis  of  leaf¬ 
lets. 

Recently,  SDV  has  been  gradually  increasing  throughout  Hokkaido  and  the 
Tohoku  region;  it  has  been  found  that  the  disease  occurs  in  all  varieties  of 
soybean,  although  different  soybean  varieties  infected  with  SDV  in  the  field 
show  different  symptoms  and  different  degrees  of  damage.  For  example,  the 
soybean  variety  'Yuuzuru',  which  is  one  of  the  commercial  varieties  grown  in 
the  central  areas  of  Hokkaido,  showed  that  an  average  of  42.7%  of  plants  were 
infected  between  1970  and  1975.  With  the  'Adams'  variety  of  soybean,  how¬ 
ever,  the  percentage  of  plants  infected  was  only  3.1;  if  the  Adams  variety  of 
soybean  was  inoculated  by  the  foxglove  aphid  in  a  persistent  manner,  all  the 
plants  became  infected.  The  extent  of  yield  reduction  was  closely  related  to 
the  percentage  of  infected  plants.  For  example,  when  50%  of  plants  in  the 
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field  were  infected,  the  yield  of  the  plants  dropped  by  about  40%. 

Since  1966,  about  2300  soybean  varieties  have  been  collected  from  many 
places  to  find  a  variety  resistant  to  SDV.  However,  a  soybean  variety  having 
a  true  resistance  has  not  been  found,  although  some  varieties  having  a  rela¬ 
tively  high  resistance,  such  as  Adams,  were  found.  So  since  1972,  soybean 
varieties  such  as  Adams  have  been  used  as  artificial  crossing  material  to 
breed  a  recommended  variety  with  a  field  resistance  to  SDV.  On  the  other 
hand,  it  is  necessary  that  as  many  varieties  should  be  collected  from  as  many 
parts  of  the  world  as  possible  and  tested  to  find  a  variety  truly  resistant 
to  SDV. 

We  would  appreciate  your  kind  cooperation  and  advice. 


Rate  of  soybean  plants  infected  with  SDV  in  the  field  in  1975 


Variety  name 

Number 
of  plants 

Number  of 
infected  plants 

% 

infected 

Shiro-tsurunoko 

389 

291 

74.8 

Oshima-shirome 

481 

90 

18.7 

Koganejiro 

528 

179 

33.9 

Ouhouju 

504 

41 

8.1 

Medium  green 

467 

33 

7.1 

Adams 

474 

7 

1.5 

Bavender  special 

501 

40 

8.0 

Yuuzuru 

472 

310 

65.7 

Y.  Tanimura 
Y.  Mori 
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UNIVERSITY  OF  MARYLAND,  EASTERN  SHORE 
Princess  Anne,  Maryland 

1 )  Evaluation  of  commercial  soybean  cultivars  for  leaf  feeding  resistance 

to  Heliothis  zea.* 

The  phenomenon  of  plant  resistance  to  insects  may  be  classified  into 
three  components,  namely,  nonpreference,  antibiosis,  and  tolerance  (Painter, 
1951).  Clark  et  al_.  (1972)  observed  that  although  PI  227.687  had  many 
Heliothis  zea  eggs  and  larvae  on  the  plants,  the  amount  of  pod  damage  was  con¬ 
siderably  less  as  compared  with  PI  171.451  and  PI  229.358.  They  suggested 
that  PI  227.687  might  have  some  antibiosis  mechanism  against  H_.  zea.  Leaf 
feeding  studies  have  shown  that  these  Pi's  have  high  level  of  antibiosis  for 
H_.  zea  (Hatchet,  Beland  and  Hartwig,  1974)  and  Mexican  bean  bettle  (Epilachna 
varivestis  — Mul sant)  (Van  Duyn,  Turnipseed  and  Maxwell,  1972). 

The  objective  of  this  study  was  to  investigate  leaf  feeding  resistance 
to  H_.  zea  by  means  of  antibiosis  tests,  among  soybean  cultivars  commonly 
grown  in  the  Middle  Atlantic  States  of  the  U.S.A. 

Materials  and  methods:  Seven  commercial  soybean  cultivars  ('Cutler,' 
'Essex,'  'Hill,'  'York,'  'Delmar,'  'Wye'  and  'Shore'),  3  plant  introductions 
(171.451,  229.358  and  227.687)  and  one  advance  breeding  line  (D67-3297)  were 
evaluated  for  antibiosis  in  foliage  feeding  tests.  The  cultivars  were  planted 
in  the  field  on  May  25,  1974,  to  provide  fresh  leaves  for  feeding  tests.  On 
August  1,  1974,  a  leaflet  was  selected  from  the  uppermost  fully  developed  tri- 
foliolate  of  each  cultivar  and  placed  in  clear  plastic  containers  5.1  cm  in 
diameter  and  3.7  cm  deep.  Each  cup  contained  two  paper  towel  discs  of  1.27  cm 
diameter  soaked  in  water  to  maintain  humidity  in  the  cup.  H_.  zea  larvae  were 
reared  for  6  days  on  the  general  1 epidopterous  diet  in  1  oz  clear  jelly  cups. 
On  the  seventh  day  30  H_.  zea  larvae  of  uniform  size  were  selected  for  each 
soybean  cultivar.  A  single  larva  was  placed  in  each  cup  and  covered.  Foliage 
was  replaced  at  24  hr  intervals  throughout  the  larval  period. 

Larval  mortality  was  recorded  every  day,  and  the  weight  of  survivors  was 
recorded  after  6  days  feeding  on  leaves.  Pupal  weight  on  the  ninth  day  after 
pupation  and  the  number  of  days  to  pupation  and  adult  emergence  were  also 
recorded. 

This  is  a  part  of  a  CSRS/USDA  funded  project. 
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Mean  weight  of  larvae  after  6  days  feeding. 

4-4-  4- 

Mean  weight  of  pupae  on  ninth  day  after  pupation. 


45 


Results  and  discussion:  H_.  zea  showed  a  marked  differential  response 
in  larval  and  pupal  weights,  mean  days  to  pupation  and  percentage  emergence 
when  reared  on  leaves  of  different  soybean  cultivars  (Table  1).  The  larvae 
reared  on  D67-3297  gained  maximum  average  larval  (366  mg)  and  pupal  (245  mg) 
weights  within  the  period  of  experimentation.  Percentage  emergence  of  moths 
was  also  the  highest  (50%)  for  this  cultivar.  The  results  indicated  that 
D67-3297  was  the  most  susceptible  and  had  the  lowest  level  of  antibiosis. 

The  least  larval  (189  mg)  and  pupal  (162  mg)  weights  were  recorded  on  PI 
227.687.  Percentage  emergence  of  moths  was  13.3%  for  PI  171.451  and  16.7% 
for  Shore,  indicating  a  high  level  of  antibiosis  for  these  two  cultivars. 

Larvae  reared  on  the  leaves  of  Shore,  Wye  and  the  three  Pi's  gained 
significantly  less  weight  as  compared  with  York,  Essex,  Hill,  Delmar,  Cutler 
and  D67-3297.  Significant  differences  were  also  found  in  pupal  weight 
(Table  1).  Pupal  weights  of  H_.  zea  reared  on  Shore,  Essex,  and  the  three 
Pi's  were  significantly  less  than  Wye,  York,  Hill,  Delmar,  Cutler,  and 
D67-3297 . 

FL  zea  larvae  reared  on  Shore,  Wye  and  the  three  Pi's  passed  through  a 
significantly  extended  larval  stage  as  compared  with  York,  Essex,  Hill,  Del¬ 
mar,  Cutler  and  D67-3297. 

Cultivars  Shore  and  Wye  exhibited  a  high  level  of  antibiosis  for  H_.  zea 
and  show  promise  in  reducing  the  amount  of  pod  damage,  overwintering  pupal 
population  and  number  of  moths  in  the  next  generation.  Planting  of  soybean 
cultivars  with  high  level  of  antibiosis  will  also  reduce  the  number  of  insec¬ 
ticide  appl ications. 
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1 )  Seed  yield  efficiency  in  soybeans. 

Soybean  (Glycine  max  (L.)  Merrill)  cultivars  with  high  seed  yield  effi¬ 
ciency  (SYE)  can  be  used  in  breeding  programs  to  increase  yield.  An  efficient 
cultivar  can  be  characterized  either  by  a  high  ratio  of  seed  to  nonseed  dry 
weight  (above  ground  unthreshed  air-dry  weight  of  plant  at  maturity  minus  seed 
weight)  or  by  a  steep  regression  slope  of  seed  over  nonseed  dry  weight.  High 
SYE  indicates  that  a  high  proportion  of  total  plant  dry  weight  is  seed  weight 
(Veatch,  1930).  Dry  bean  (Phaseolus  vulgaris)  cultivars  studied  by  Wallace 
and  Munger  (1966)  differed  distinctly  in  their  harvest  indices  (HI  =  economic 
yield  divided  by  total  plant  dry  weight  x  100).  Efficient  plants  utilize 
more  energy  for  production  of  seed  and  less  for  nonseed  plant  parts.  Schutz 
and  Brim  (1967),  utilizing  regression  coefficient  analysis  of  SYE  values, 
found  that  certain  varieties  became  more  efficient  in  competitive  situations 
than  in  pure  stands. 

The  present  investigation  was  undertaken  to  determine  the  extent  of 
variability  of  SYE  in  ten  selected  soybean  varieties. 

Materials  and  methods:  The  experiment  was  conducted  during  1971  at  the 
Agronomy  Farm  of  The  Ohio  State  University,  Columbus,  Ohio.  Ten  soybean  var¬ 
ieties,  belonging  to  maturity  groups  I,  II,  III,  and  IV,  were  selected  on  the 
basis  of  their  diversity  in  maturity,  plant  height,  and  growth  habit.  Most 
of  the  seeds  were  supplied  by  the  Regional  Soybean  Laboratory,  Urbana, 
Illinois.  The  seedlings  grown  in  the  greenhouse  were  randomly  arranged  in 
the  field  and  spaced  91  cm  apart  in  71  cm  rows.  The  number  of  single  plant 
replications  were:  'Aoda,1  12;  'Cayuga,'  9;  'Giant  Green,'  8;  'Habaro,'  20; 
'Hakote,'  9;  'Henry,'  46;  'Kent,'  39;  'Kura,'  13;  'Manchuria,'  7;  and  'Wayne,' 
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45.  Each  plant  was  harvested  at  maturity  at  ground  level  ,  bagged  separately 
in  a  cloth  bag,  and  analyzed  separately.  Chow's  test  (1960)  was  used  to  test 
the  significant  difference  between  regression  coefficients  of  different  culti- 
vars.  The  unthreshed  weight  of  the  plant  included  the  air-dry  weight  of  main 
stem,  branches,  pods  and  all  seeds;  and  nonseed  dry  weight  was  calculated  by 
subtracting  seed  yield  from  this  weight.  Seed  yield  to  nonseed  dry  weight 
ratio  or  seed  yield  efficiency  (SYE)  was  calculated  by  dividing  seed  yield  by 
nonseed  dry  weight  of  the  plant. 

Results  and  discussion:  Results  showed  a  marked  variation  in  SYE  as 
expressed  by  ratio  of  seed  yield  to  nonseed  dry  weight  among  the  cultivars 
within  each  maturity  group  and  between  different  maturity  groups  (Table  1). 
Wayne  was  the  most  efficient  cultivar  with  SYE  of  1.52.  Cayuga  ranked  second 
with  SYE  of  1.51  and  Manchuria  was  a  close  third  at  1.49.  Aoda  and  Giant 
Green  were  least  efficient  and  SYE  for  these  varieties  was  1.28.  This  sug¬ 
gests  that  of  the  total  energy  required  in  producing  a  Wayne  plant,  more  is 
utilized  in  production  of  seed,  while  Aoda  and  Giant  Green  utilize  a  larger 
proportion  of  their  energy  in  production  of  nonseed  dry  weight  and  conse¬ 
quently  produce  less  seed.  The  mean  yield,  nonseed  dry  weight  and  SYE 
(Table  1)  for  Kent  indicated  that  it  was  the  highest  yielding  but  with  medi¬ 
ocre  SYE  of  1.42.  In  contrast,  Cayuga  produced  only  14.1  g  seed  and  9.3  g  non¬ 
seed  dry  weight  but  the  mean  SYE  was  very  high  (1.51).  These  data  suggest 
that  the  high  yielding  cultivars  under  cultivation  today  may  not  be  the  most 
efficient  varieties  from  the  point  of  view  of  water  and  energy  utilization. 

The  statistical  analysis  of  regression  coefficients  of  seed  yield  with 
nonseed  dry  weight,  which  was  another  measure  of  efficiency,  also  revealed 
that  considerable  variability  existed  among  the  ten  cultivars.  Hakote  (Y  = 
2.503  -  13.413)  was  the  most  efficient  cultivar  in  producing  seed  yield  per 
unit  of  nonseed  dry  weight,  and  Henry  (Y  =  1  . 1 1 3 X  +  4.229)  was  the  least  effi¬ 
cient  but  these  two  varieties  were  not  the  most  and  least  efficient  respec¬ 
tively  as  indicated  by  the  ratio  (SYE)  of  seed  to  nonseed  dry  weight.  Per¬ 
fect  agreement  of  these  two  tests  should  not  be  expected  because  mathemati¬ 
cally  different  parameters  were  being  measured  by  the  use  of  ratios  and 
regression  coefficients. 

SYE  is  important  to  both  farmers  and  researchers  in  its  effect  on  water 
and  fertilizer  usage. 
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Table  1 

Mean  values  per  plant  for  different  traits  in  10  soybean  cultivars 


Cul tivar 

Nonseed 
dry  wt.  (g) 

Seed 

yield  (g) 

SYE 

(ratio) 

Slope 

Intercept 

Cayuga 

9.3 

14.1 

1.51 

1 .629 

-  1 .022 

Giant  Green 

9.8 

13.0 

1.28 

2.158 

-  8.214 

Habaro 

13.1 

19.7 

1 .44 

1.682 

-  2.436 

Manchuria 

9.1 

14.8 

1.49 

1.960 

-  2.978 

Hakote 

12.8 

19.0 

1 .44 

2.503 

-13.413 

Henry 

21.4 

28.0 

1 .32 

1  .113 

4.229 

Kura 

18.4 

24.7 

1.35 

1.125 

3.935 

Wayne 

30.8 

47.6 

1.52 

1.626 

-  3.075 

Aoda 

20.6 

27.2 

1 .28 

1.455 

-  2.840 

Kent 

40.2 

59.0 

1  .42 

1 .626 

-  6.314 
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1 )  Heat  injury  tests  as  a  screening  tool  for  heat  tolerance  in  soybeans. 

One  of  the  objectives  of  the  soybean  physiology-breeding  program  at 
Nebraska  is  the  evaluation  of  various  procedures  used  for  measuring  the 
response  of  soybeans  to  heat  and  drought  stress.  We  are  primarily  interested 
in  techniques  amenable  to  large-scale  screening  of  soybean  populations  or 
germplasm,  so  that  heat  or  drought  tolerant  genotypes  can  be  identified  and 
used  in  our  breeding  program.  Consequently,  the  important  considerations  are 
rapidity  in  sampling,  simplicity  in  equipment  and  procedural  requirements, 
and  detection  of  genotypic  (rather  than  environmental)  differences. 

One  technique  that  we  are  currently  evaluating  appears  to  hold  some 
promise  as  a  screening  tool.  This  technique  has  been  used  successfully  in 
the  evaluation  of  sorghum  cultivars  for  heat  and  drought  tolerance  (Sullivan, 
1972).  The  technique  is  based  on  the  observation  that  when  leaf  tissue  is 
injured  by  high  temperatures  or  low  humidities,  electrolytes  diffuse  out  of 
the  injured  cells.  If  this  tissue  is  bathed  in  deionized  water,  the  amount 
of  electrolyte  "leakage"  (which  is  dependent  upon  the  degree  of  induced 
injury)  can  be  determined  by  measuring  the  electrical  conductivity  of  the 
water.  Sullivan  (1971)  has  observed  that  the  results  of  this  test  agree  very 
well  with  the  heat  or  dessication  tolerance  of  the  intact  sorghum  plant. 

Injury  can  be  induced  by  either  elevated  temperatures  or  specific  low  rela¬ 
tive  humidities  (to  produce  dessication).  However,  dessication  injury  tests 
are  more  time-consuming,  tedious,  and  sometimes  difficult  to  control  when 
compared  with  heat  injury  tests. 

The  technique  we  have  used  on  soybeans  is  essentially  identical  to  that 
described  by  Sullivan  (1972),  except  that  injury  is  induced  by  a  15-min  incu¬ 
bation  in  a  thermostatted  water  bath  at  about  50  C.  Since  the  injury  versus 
temperature  curve  is  sigmoid,  the  sensitivity  of  the  technique  is  greatest  at 
temperatures  inducing  about  50%  injury.  We  have  found  that  on  the  average  a 
15-min  incubation  at  50  C  will  usually  result  in  about  50%  injury,  but  slight 
adjustments  (+  1  C)  in  the  incubation  temperature  during  the  growing  season  may 
be  necessary  to  compensate  for  the  acclimatization  or  "hardening"  of  soybean 
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plants  that  occurs  as  the  summer  progresses. 

During  the  summer  of  1975,  we  used  the  heat  injury  test  to  evaluate  the 
heat  tolerance  of  15  varieties  and  10  advanced  selections.  Each  of  these  25 
strains  were  replicated  four  times  in  4-row,  20-foot  plots.  Moisture  stress 
during  and  after  planting  (May  13)  resulted  in  poor  germination  and  subse¬ 
quent  uneven  and  reduced  stands.  Normal  temperatures  and  rainfall  occurred 
during  June,  but  with  the  exception  of  some  rainfall  on  July  19,  hot  and  dry 
weather  conditions  prevailed  throughout  July,  August,  and  September.  Heat 
injury  determinations  were  performed  on  each  plot  at  three  different  dates 
(July  7,  July  24,  and  Aug.  6).  Heat  injury  data  for  the  15  varieties  are 
shown  below: 


Entry 

%  heat  injury 
(avg.  3  dates)* 

Entry 

%  heat  injury 
(avg.  3  dates)* 

Corsoy 

36.7 

Wayne 

53.9 

Harcor 

39.5 

Hark 

54.2 

Pomona 

43.1 

Clark  63 

54.8 

Cal  land 

46.4 

Kent 

55.8 

Woodworth 

47.4 

Cutler  71 

57.7 

Wei  1  s 

50.1 

Beeson 

59.1 

Williams 

51.6 

Bonus 

63.6 

Amsoy  71 

52.8 

*L.S.D.  (0.05)  =  7.5. 


Highly  significant  varietal  differences  in  heat  injury  were  observed  on 
each  sampling  date  and  on  the  combined  average  across  sampling  dates.  These 
varietal  differences  in  heat  injury  were,  for  the  most  part,  relatively  con¬ 
sistent  over  sampling  dates.  The  variety  'Bonus,'  for  example,  ranked  high¬ 
est  in  heat  injury  on  the  last  two  sampling  dates  and  second  highest  on  the 
first  sampling  date.  Similarly,  'Beeson'  consistently  ranked  high  in  heat 
injury  on  each  sampling  date.  At  the  other  end  of  the  spectrum,  'Corsoy'  and 
'Harcor'  consistently  ranked  low  in  heat  injury.  It  is  interesting  to  note 
that  Corsoy  and  Harcor  possess  leaves  that  are  darker  green,  somewhat  smaller, 
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and  more  fibrous  than  those  of  Bonus  and  Beeson.  Very  low  yields  were  obtained 
from  this  trial  due  to  the  reduced  stands  mentioned  earlier  and  to  the  pro¬ 
tracted  drought  occurring  from  mid-season  on.  Generally  the  early-maturing 
varieties  yielded  more  than  the  late-maturing  varieties.  Correlations  of 
yield  with  heat  injury  were  negative  as  expected.  However,  only  the  correla¬ 
tion  for  the  third  sampling  date  was  significant.  Correlations  of  heat  injury 
with  maturity  were  nonsignificant. 

We  are  continuing  our  investigations  of  this  technique  to  determine  if 
heat  injury  is  a  reliable  indication  of  heat  tolerance.  Some  morphological 
characteristics  related  to  the  degree  of  heat  injury  are  also  being  studied. 
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2)  Stomatal  frequency  and  heat  and  drought  stress  in  soybeans. 

Stomata  are  the  primary  anatomical  structures  involved  in  water  loss 
and  gas  exchange  in  plants.  Genetic  differences  in  stomatal  frequency  may 
have  potential  in  breeding  for  increased  photosynthetic  or  water-use  effi¬ 
ciency.  Miskin  and  Rasmusson  (1970),  for  example  ,  found  that  barley  lines 
with  low  stomatal  frequencies  transpired  less  water  than  lines  with  high 
stomatal  frequencies,  with  no  observed  difference  in  the  rates  of  photosyn¬ 
thesis.  In  another  study,  Ciha  and  Brun  (1975)  reported  differences  in 
stomatal  frequencies  among  soybean  varieties  and  suggested  the  possibility 
of  genetically  controlling  water  loss  without  affecting  photosynthesis  by 
reducing  stomatal  frequency.  These  authors  expressed  stomatal  frequency  as 
the  number  of  stomata  per  square  mm  of  leaf. 

In  1974,  a  study  was  conducted  to  determine  differences  in  stomatal 
frequency  among  soybean  varieties.  The  relationship  of  stomatal  frequency 
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to  heat  and  drought  tolerance  was  also  investigated.  Six  genotypes,  three 
heat  tolerant  and  three  intolerant,  as  measured  by  a  temperature-mediated  leaf 
injury  technique  (Sullivan,  1972),  were  grown  as  part  of  a  heat  and  drought 
tolerance  study  involving  24  strains  and  varieties.  Each  genotype  was  repli¬ 
cated  four  times  in  20-foot,  4-row  plots  in  a  split-plot  arrangement  with 
irrigated  and  nonirrigated  conditions  representing  the  whole  plots. 

Five  plants  per  plot,  selected  at  random,  were  sampled  for  each  of  the 
six  genotypes.  The  acrylic  imprint  method  of  Brown  and  Rosenberg  (1970)  was 
used  to  determine  stomata!  frequency.  Acrylic  imprints  were  made  on  a  por¬ 
tion  of  the  abaxial  side  of  the  terminal  leaflet  of  the  top,  fully  expanded 
trifoliolate  leaf,  at  a  point  midway  between  the  base  and  the  tip.  The 
imprints  were  lifted  from  the  leaf  with  cellophane  (Scotch  600)  tape  and 
attached  to  microscope  slides.  The  slides  were  placed  under  a  microscope 
equipped  with  a  model  "T"  type  camera  from  which  the  lens  had  been  removed, 
so  that  the  image  was  projected  onto  the  camera  back  (normally  covered  by 
film).  Thus,  the  camera  back  served  as  a  screen  for  the  enlarged  image, 
allowing  the  stomata  and  epidermal  cells  to  be  counted  without  eyestrain  or 
photography.  Stomatal  frequency  for  each  genotype  was  expressed  as  a  stomatal 
index:  I  =  [(stomata)/(stomata  +  epidermal  cells)]  100.  This  formulation, 
first  suggested  by  Salisbury  (1927),  expresses  stomatal  frequency  as  a  ratio 
of  stomata  to  the  total  number  of  epidermal  cells,  and  eliminates  the  effects 
of  epidermal  cell  size  that  could  influence  stomatal  frequency  measurements 
based  on  number  per  unit  area. 

The  results  (Table  1)  show  highly  significant  differences  in  the  stom¬ 
atal  indexes  among  the  six  genotypes  observed.  Differences  in  stomatal 
indexes  for  varieties  under  different  water  treatments  were  not  significant. 
Stomatal  index  showed  no  correlation  to  heat  tolerance  under  nonirrigated 
conditions,  but  under  irrigation,  heat  tolerant  genotypes  tended  to  have  a 
lower  stomatal  index. 
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Table  1 

Stomatal  indexes  of  six  soybean  genotypes 


Stomatal  index 

Genotype 

Irrigated 

Nonirrigated  x 

Hark 

10.99 

10.36 

10.68 

a* 

Chippewa  64 

8.94 

10.84 

9.87 

a 

b 

Beeson 

9.97 

9.18 

9.57 

a 

b 

c 

A66-1746-9 

8.22 

10.53 

9.38 

a 

b 

c 

d 

Bonus 

9.42 

8.13 

8.78 

b 

c 

d 

L66-1359 

8.33 

6.92 

7.63 

d 

Means 

9.31 

9.33 

9.32 

^If 

Values  followed  by  the  same  letter  are  not  significantly  different  at 
the  .05  level . 


Miskin,  K.  E.  and  D.  C.  Rasmusson.  1970.  Frequency  and  distribution  of 
stomata  in  barley.  Crop  Sci.  10:  575-578. 

Salisbury,  E.  J.  1927.  On  the  causes  and  ecological  significance  of 
stomatal  frequency,  with  special  reference  to  the  woodland  flora. 
Philos.  Trans.  R.  Soc.  Lond.  B.  Biol.  Sci.,  13,  216:  1-65. 

Sullivan,  C.  Y.  1972.  Mechanisms  of  heat  and  drought  resistance  in  grain 
sorghum  and  methods  of  measurement.  In  "Sorghum  in  the  Seventies." 
Oxford  &  IBH  Publishing  Co.,  New  Delhi,  pp.  247-264. 

J.  R.  Marti neau 
J.  H.  Williams 
J.  E.  Specht 


McNAIR  SEED  COMPANY 
Research  Department 
Laurinburg,  North  Carolina 


1 )  Multiple  resistance  to  insects. 


Soybean  lines  PI  229.358,  PI  171.451  and  PI  227.687  were  reported  to  be 
resistant  to  Mexican  bean  beetle  (Epilachna  varivestis)  (Van  Duyn,  Turnipseed 
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and  Maxwell,  1971).  Their  study  was  based  on  forced  feeding  tests  conducted 
in  the  laboratory  and  by  field  observations.  The  line  PI  229.358  has  been 
intensively  used  by  soybean  breeders  for  incorporating  resistance  into  commer¬ 
cial  germplasm.  It  was  suspected  that  these  lines  may  carry  resistance  to 
other  insects  feeding  on  soybeans.  In  the  present  study,  PI  229.358  was 
evaluated  against  'Lee  74,'  a  susceptible  line,  for  leaf  feeding  by  larvae  of 
the  corn  ear  worm  (Hel i ot hi s  zea) ,  army  worm  (Spodoptera  exigua)  and  soybean 
looper  (Pseudoplusia  includens).  The  method  used  was  basically  that  sug¬ 
gested  by  Barnes  and  Ratcliffe  (1967).  Three  fully  developed  leaflets  of  each 
line  were  stapled  alternately  in  a  circular  pattern  on  a  sheet  of  paper.  The 
paper  was  kept  on  moist  pads  in  a  large  plastic  box.  For  each  insect,  three 
small  larvae  were  released  in  the  box  and  kept  overnight.  The  leaf  areas 
eaten  by  the  larvae  were  determined  for  both  Lee  74  and  PI  229.358.  The 
results  indicated  that  PI  229.358  carried  resistance  to  all  three  insects 
under  study. 

Screening  large  population:  In  segregating  populations,  large  numbers 
of  lines  need  to  be  screened.  The  method  described  above  employs  a  large  box 
for  each  sample.  It  would  be  desirable  if  one  could  cut  a  small  disc  from 
a  leaf  and  screen  the  material  in  a  small  container,  thus  allowing  a  large 
number  of  lines  to  be  screened.  This  was  attempted  using  two  1.5  cm  x  1.5  cm 
cut  leaf  discs  of  PI  229.358  and  Lee  74  in  a  10  cm  petri  plate.  A  small 
amount  of  wet  tissue  paper  on  the  bottom  of  the  plate  retarded  drying  of  the 
leaves.  One  larva  of  the  corn  ear  worm  was  released  in  each  plate  and  scored 
the  following  day.  No  definite  feeding  pattern  was  observed  after  many  tests 
were  run  with  PI  229.358  and  Lee  74.  These  results  indicate  that  feeding 
trials  using  a  small  cut  leaf  disc  in  a  petri  plate  are  inadequate  for  screen¬ 
ing  purposes  against  the  corn  ear  worm.  Thus,  material  may  be  tested  using 
larger  containers  and  entire  leaflets  or  some  other  method  must  be  developed 
for  handling  large  populations  using  small  leaf  samples. 
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U.S.  PLANT,  SOIL,  AND  NUTRITION  LABORATORY 
Tower  Road,  Ithaca,  New  York 

1 )  Cotyledon  culture. 

A  procedure  for  aseptically  culturing  immature  soybean  cotyledons  has 
been  developed  to  study  the  synthesis  of  seed  storage  proteins.  Experiments 
were  carried  out  so  that  one  cotyledon  from  an  embryo  was  compared  to  the 
second  cotyledon.  Cotyledons  were  normally  incubated  for  6  days  at  25  C  in 
light  with  gentle  shaking.  The  medium  was  modified  from  Linsmaier  and  Skoog 
(1965)  by  omitting  any  auxin  and  by  replacing  NH4N03  and  KNO3  with  glutamine 
(30-120  mM). 

Under  these  conditions,  cotyledons  grew  better  than  on  the  plant  and 
produced  more  protein.  Both  major  groups  of  storage  proteins  (7S  and  11S) 
increased  throughout  the  culture  period.  The  relative  amount  of  these  two 
storage  proteins  was  similar  to  that  of  cotyledons  developed  on  the  plant. 

Using  this  culture  method  in  pulse-chase  experiments  with  tritiated 
glycine,  the  turnover  of  storage  proteins  was  found  to  be  very  slow  while  the 
half  life  of  the  nonstorage  proteins  was  1  to  2  weeks. 

Reference 

Linsmaier,  E.  M.  and  F.  Skoog.  1965.  Organic  growth  factor  requirements  of 
tobacco  tissue  cultures.  Physiol.  Plant.  18:  100-127. 

John  F.  Thompson  —  USDA 
James  T.  Madison -USDA 


UNIVERSITY  OF  WISCONSIN 
Department  of  Agronomy 
Madison,  Wisconsin 

1 )  Progress  in  obtaining  soybean  haploids  2n  =  20. 

Male  sterility  gene  ms^  from  North  Carolina  was  transferred  to  maturity 
groups  I,  II,  and  III  over  the  last  few  years  to  facilitate  the  use  in  Wiscon¬ 
sin  of  the  twinning  and  haploidy  phenomena  associated  with  m^ms^  plants.  In 
1975  we  had  an  extended  fall  growing  season  and  seed  was  obtained  from  several 
hundred  male  sterile  ms^ms^  plants,  representing  maturity  groups  I,  II,  III, 
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IV,  and  V .  Honey  bees  were  used  as  pollinators.  Seed  set  was  lowest  for 
Group  I  (1-2  seeds/plant)  and  highest  in  Group  V  (20-60  seeds/plant).  It  is 
not  known  whether  seed  set  was  affected  simply  by  less  bee  pollination  of  the 
earlier  flowering  steriles  or  by  greater  female  sterility  in  the  early  back¬ 
ground. 

About  8000  seeds  have  been  screened  for  twins  and  haploids.  The  fre¬ 
quency  of  twinning  is  about  2%  and  the  frequency  of  twin  sets  containing  a 
haploid  member  is  about  2%.  Thus  far,  four  viable  haploids  2ji  =  20  have  been 
isolated.  We  are  still  screening  at  this  writing  and  these  figures  may  change 
slightly  in  the  final  analysis. 

The  intended  use  of  the  haploids  is  in  production  of  aneuploids,  par¬ 
ticularly  deficiency  aneuploids.  Two  major  unknowns  at  the  moment  are: 

(1)  whether  or  not  ms_-j  haploids  will  produce  deficiency  gametes  (they  may 
produce  only  numerically  unreduced  gametes),  and  (2)  whether  or  not  deficiency 
gametes  and  aneuploids  will  be  viable.  Viability  or  lack  of  it  will  provide 
a  test  of  the  hypothesis  that  the  cultivated  soybean  2n =  40  is  a  tetraploid. 

E.  T.  Bingham 
W.  D.  Beversdorf 
G.  L.  Cutter 

2)  Histology  of  the  embryo  sac  of  male  sterile  ms^ms^  soybeans. 

The  fact  that  ms^ms^  plants  in  maturity  ranges  I  to  V  were  producing 
haploids,  triploids,  and  even  higher  ploidy  levels  along  with  the  predominant 
normal  diploids,  indicated  the  female  gametophyte  was  at  least  occasionally 
functioning  abnormally.  Histological  sections  of  92  male  sterile  pistils  from 
plants  about  Groups  III  and  IV,  indicated  only  about  28%  of  the  ovules  had  a 
normal  embryo  sac,  by  our  interpretation.  The  remainder  most  commonly  had 
extra  nuclei  in  the  regions  of  the  secondary  nucleus  (endosperm  mother  cell) 
and/or  the  egg  apparatus.  The  haploids  may  occur  as  twin  members  when  one  of 
these  extra  nuclei  develops  parthenogenetical ly .  The  polyploids  may  be  the 
result  of  2n_,  3n_,  etc.,  gametes  being  formed  by  fusion  of  the  extra  nuclei, 
followed  by  union  of  these  female  gametes  with  reduced  or  unreduced  male 
gametes. 

G.  L.  Cutter 
E.  T.  Bingham 
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VI.  GENETIC  STOCKS  AVAILABLE 


Procedure  for  Requesting  Seeds  from  the  USDA 
Soybean  Germplasm  Collection 


The  USDA  maintains  a  collection  of  soybean  germplasm  comprising  about 
5,000  strains  of  current  and  obsolete  American  varieties,  foreign  introduc¬ 
tions,  genetic  types,  and  related  species.  Seed  packets  are  available  for 
research  purposes  upon  request.  The  following  points  are  listed  to  guide 
you  in  requesting  seeds: 

1)  Please  address  requests  for  early-maturing  varieties  and  PI  and  FC 

strains  (Maturity  Groups  00  to  IV),  Genetic  Types  (T-strains),  and 

wild  species  of  Glycine  to: 

Dr.  Richard  L.  Bernard 

U.S.  Regional  Soybean  Laboratory 

160  Davenport  Hall 

Urbana,  IL  61801 

Tel.  217/333-4639  (FTS  958-9124) 

and  requests  for  late-maturing  varieties  and  PI  and  FC  strains 

(Groups  V  to  X)  to: 

Dr.  E.  E.  Hartwig 

Delta  Branch  Experiment  Station 

Stoneville,  MS  38776 

Tel.  601/686-9311,  Ext.  230 

and  requests  for  the  Cytological  Collection  which  includes  trans¬ 
locations,  trisomics,  tetraploids,  etc.,  to: 

Dr.  R.  G.  Palmer 
Agronomy  Department 
Iowa  State  University 
Ames,  I A  50011 

Tel.  515/294-5076  (FTS  865-8372) 


2)  Time  of  requests: 

Requests  will  be  filled  as  soon  as  possible  after  receipt,  but  large 
requests  may  take  a  month  or  so  to  packet. 

3)  Quantity  of  seeds: 

a)  A  standard  request  is  about  50  seeds  per  packet,  but  we  can 

easily  furnish  a  smaller  number  and,  if  seed  supply  permits,  will 
also  furnish  larger  amounts.  Specify  how  many  you  want.  If  no 
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amount  is  specified,  we  will  send  50  seeds. 

b)  Seed  counts  are  only  approximate,  as  we  usually  cup  the  seeds, 
and  only  partially  compensate  for  size  and  germination  variation 

c)  In  the  case  of  named  varieties  we  can  sometimes  furnish  larger 
amounts,  up  to  a  kilogram  or  so,  especially  in  the  case  of  varie 
ties  which  we  are  currently  yield  testing. 

d)  'he  tropical  perennial  species  (all  species  other  than  G.  max 
and  £•  soja)  are  difficult  to  grow  and  reproduce,  and  normally 

only  a  few  (5  to  10)  seeds  will  be  sent. 

e)  A  seed  packet  (30  seeds)  of  trisomics  A,  B,  and  C  will  be  made 
available  for  research  purposes.  The  seed  supply  of  several  of 
the  tetraploids  is  limited  and  only  a  few  (5-10)  seeds  will  be 
available.  These  can  be  ordered  from  Ames. 

4)  The  following  lists  and  reports  are  available  to  assist  you  in 
selecting  and  requesting  gennpl asm.  Those  marked  *  are  available 
from  Stoneville,  the  others  from  Urbana. 

a)  Checklists  giving  name  and  maturity  group.  Extra  copies  are 
available  to  use  in  making  requests  for  large  numbers  of  strains 

1)  Groups  00  to  IV  varieties,  1976. 

2)  Groups  00  to  IV  FC  and  PI  strains,  1975. 

*3)  Groups  V  to  VIII  varieties  and  FC  and  PI  strains,  1975. 

b)  Evaluation  reports  giving  origin  of  strains  and  descriptive, 
agronomic,  and  seed  composition  data: 

1)  Varieties,  Groups  00  to  IV,  1970. 

2)  Varieties,  and  FC  and  PI  strains.  Groups  00-0,  1965. 

3)  Varieties,  and  FC  and  PI  strains,  Groups  I - 1 1  ,  1966. 

4)  Varieties,  and  FC  and  PI  strains,  Groups  1 1 1  -  IV ,  1969. 

*5)  Varieties,  and  FC  and  PI  strains.  Groups  V-X,  1975. 

6)  Recent  varieties  and  PI  additions.  Groups  00-IV,  1970. 

c)  List  of  Genetic  Type  Collection,  1976. 

d)  List  of  backcross  isolines  of  Clark  and  Harosoy. 


e)  List  of  wild  soybeans,  Glycine  soja,  1976. 

f)  List  of  perennial  Glycine  accessions. 

5)  Before  sending  in  your  request,  please  verify  the  accuracy  of  your 
strain  designations  and  whether  they  are  maintained  at  Urbana  or 
Stoneville  by  checking  them  against  a  current  checklist  or  evalua¬ 
tion  report.  We  get  many  requests  for  nonexistent  varieties  and 
Pi's  and  you  are  in  a  better  position  than  we  are  to  correctly 
identify  what  you  want. 

6)  There  is  no  charge  for  seed  for  research  purposes. 

7)  We  appreciate  knowing  the  intended  use  of  the  seeds  in  all  cases, 
and  we  must  know  it  in  the  case  of  very  large  requests.  We  also 
appreciate  receiving  copies  of  publications  or  other  information 
that  you  derive  from  the  use  of  these  seeds. 


March,  1976 


Table  1 

Soybean  Genetic  Type  Collection  List 
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Table  3* 

Tetraploid  Soybeans 


Cultivar  Source 


Blackhawk 

Chippewa 

Chippewa  (non-nodul ating) 

Clark  Dr.  H. 

Dunfield 

Dunn 

Gibson  Dr.  H. 

Harosoy 

Harosoy  63 

Hawkeye 

Lincoln 

Manchukota 

Mandarin  (Ottawa) 

Richland 


** 

** 

** 

H.  Hadley,  Univ.  of  Illinois,  Urbana 
T214  colchicine  treated,  1943 
(unknown) 

H.  Hadley,  Univ.  of  Illinois,  Urbana 
** 

(unknown) 

** 

T212  colchicine  treated 
** 

** 

T213  colchicine  treated 


* 

Plants  and/or  seeds  were  characterized  for  the  following  traits: 
flower  color,  pubescence  color,  pod  color,  seed  coat  luster,  seed  coat  color, 
hilum  color,  and  peroxidase  (Ejd  or  ep) . 

Colchicine  treated  Ames,  Iowa,  April  1958. 


Table  4* 

Primary  trisomics 


Trisomic 

Origin 

A 

T241 (stpStp) 

A72-147-1 9 

B 

T241 (stpStp) 

A72-147-36 

C 

T258(st/|St/| ) 

A72-1 14-5 

A  complete  description  of  these  three  primary  trisomics  can  be  found 
in  "Chromosome  Transmission  and  Morphology  of  Three  Primary  Trisomics  in  Soy¬ 
beans  (Glycine  max)11  by  R.  G.  Palmer.  1976.  Canadian  Journal  of  Genetics 
and  Cytology  (accepted  for  publication). 
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Table  5* 

Crosses  of  Glycine  gracilis  x  G.  max 


Plant  introduction 

Cultivars 

PI  X 

Clark  £2  Clark  63 

Hark 

65.388 

+ 

79.593 

+ 

79.648 

+ 

+ 

+ 

79.694 

+ 

79.727 

+ 

+ 

80.488-1 

+ 

81.763 

+ 

+ 

+ 

81.765 

+ 

81.766 

+ 

81.767 

+ 

81.768 

+ 

81.770 

+ 

+ 

81 .771 

+ 

+ 

81.772 

+ 

+ 

81.773 

+ 

81 .785 

+ 

82.532 

+ 

+ 

86.002 

+ 

+ 

86.046 

+ 

135.589 

+ 

135.590 

+ 

153.292 

+ 

+ 

+ 

189.866 

+ 

189.950 

+ 

+ 

189.951 

+ 

+ 

232.987 

+ 

+ 

232.988 

+ 

+ 

232.989 

+ 

+ 

232.990 

+ 

+ 

232.991 

+ 

232.992 

+ 

+ 

291 .274A 

+ 

+ 

291 .274B 

+ 

291.275 

+ 

+ 

291 .276 

+ 

+ 

+ 

291.277 

+ 

291 .278 

+ 

291 .309C 

+ 

+ 

*We  have  been  crossing  Plant  Introductions  that  are  listed  as  Glycine 
gracilis  with  cultivars  of  (a.  max .  F2  seeds  are  available  from  mostof  the 
combinations.  Please  send  requests  to  R.  G.  Palmer,  USDA,  Agronomy  Depart¬ 
ment,  Iowa  State  University,  Ames,  IA  50011. 
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